Non-nested Hypothesis Testing: An Overview by Pesaran, M. H. & Weeks, M.
L??it|i_ O)TL|itt Ait|?}G ? ihi
 O@ti4 it@h@? @?_ i*)? `ii!t




At U@T|ih uLUtit L? |i )TL|itit |it|?} ThLM*i4 i? |i )TL|itit Lh
4L_i*t ?_ih UL?t_ih@|L? @hi R?L??it|i_ Lh Mi*L?} |L RtiT@h@|i u@4*it Lu
_t|hM|L?tc ? |i ti?ti |@| ?L?i Lu |i ?__@* 4L_i*t 4@) Mi LM|@?i_ uhL4
|i hi4@??} i|ih M) 4TLt|L? Lu T@h@4i|ih hit|hU|L?t Lh |hL} @ *4|?}
ThLUitt￿ W? iUL?L4i|hU @?@*)tt ?L??it|i_ 4L_i*t @hti ?@|h@**) i? h@* iUL
?L4U |iLhit @hi ti_ |L i T*@? |i t@4i Ti?L4i?L? tU @t ?i4T*L)4i?|c
?@|L? Lh L|T| }hL| A)TU@* i @4T*it uhL4 |i iUL?L4Ut *|ih@|hi @hi
ki)?it@? @?_ ?i U*@ttU@* i T*@?@|L?t Lu ?i4T*L)4i?|c t|hU|h@* @?_ 4L?i
|@h) |iLhit Lu ?@|L?c @*|ih?@|i |iLhit Lu ?it|4i?|c @?_ i?_L}i?Lt @?_
i L}i?Lt |iLhit Lu }hL|2 L??it|i_ 4L_i*t UL*_ @*tL @hti i? @*|ih?@|i
u?U|L?@* tTiUU@|L?t @hi UL?t_ihi_ tU @t 4*|?L4@* ThLM| @?_ *L}| _t
|hM|L? u?U|L?t ti_ ? |i ^@*|@|i ULUi *|ih@|hic i TL?i?|@* @?_ TLih
|*|) u?U|L?t ti_ ? |i @tti| ThU?} 4L_i*tc @?_ @ @hi|) Lu ?L??it|i_ tTiU
U@|L?t UL?t_ihi_ ? |i i4ThU@* @?@*)tt Lu ?UL4i @?_ i@*| _t|hM|L?t
6?@**)c ii? t|@h|?} uhL4 |i t@4i |iLhi|U@* T@h@_}4c | t TLttM*i uLh _gih
i?| ?it|}@|Lht |L @hhi @| _gihi?| 4L_i*t u |i) @_LT| _gihi?| UL?_|L??}
Lh uL**L _gihi?| T@|t |L @ 4Lhi T@ht4L?Lt 4L_i* t?} |i }i?ih@*|LtTiUU
tTiUU@|L? ti@hU 4i|L_L*L})c @_LU@|i_c uLh i @4T*i M) Oi?_h) Ebb
Ai UL?UiT| Lu @? iUL?L4i|hU 4L_i* t _tUtti_ ? 5iU|L? 2c ihi @ _t|?U
|L? t 4@_i Mi|ii? UL?_|L?@* @?_ ?UL?_|L?@* 4L_i*t At t @? 4TLh|@?|
_t|?U|L? t?Ui 4Lt| @TT*i_ Lh! ? iUL?L4i|hUt |@!it T*@Ui |? @ 4L_i**?}
uh@4iLh! ihi |i Mi@Lh Lu L?i Lh 4Lhi Ri?_L}i?Lt @h@M*it t Lu|i? i 
T*@?i_ UL?_|L?@* L? @ ti| Lu Ri L}i?Lt @h@M*it At _tUttL? @*tL }*}|t
|i 4TLh|@?Ui Lu UL?_|L??} ? |i ThLUitt Lu 4L_i* i@*@|L? , @4T*it Lu
?L??it|i_ 4L_i*t @hi }i? ? 5iU|L?  5iU|L? e _tUttit |i _gihi?Uit |@| *i
4Wkhuhiruh rxu irfxv lv glvwlqfw iurp Fkrz +4<;4, zkr/ lq h{dplqlqj d vlplodu sureohp/ dvvxphv
wkdw wkh vhw ri prghov xqghu frqvlghudwlrq frqwdlqv d jhqhudo prgho iurp zklfk doo rwkhu frpshwlqj
prghov pd| eh rewdlqhg e| wkh lpsrvlwlrq ri vxlwdeoh sdudphwhu uhvwulfwlrqv1
5Vhh/ iru h{dpsoh/ Iulhgpdq dqg Phlvhopdq +4<96, rq dowhuqdwlyh frqvxpswlrq prghov/ Eduur
+4<::,/ Shvdudq +4<;5e, dqg PfDohhu/ Shvdudq/ dqg Ehud +4<<3, rq dowhuqdwlyh h{sodqdwlrqv ri wkh
xqhpsor|phqw udwh/ Mrujhqvrq dqg Vlhehuw +4<9;,/ Gl{lw dqg Slqg|fn +4<<7, dqg Ehuqdqnh/ Erkq/
dqg Uhlvv +4<;;, rq dowhuqdwlyh prghov ri lqyhvwphqw ehkdylrxu/ dqg PfDohhu/ Ilvkhu/ dqg Yronhu
+4<;5, dqg Vplwk dqg Vp|wk +4<<4, rq qrq0qhvwhg prqh| ghpdqg ixqfwlrqv1Mi?_ 4L_i* ti*iU|L? @?_ )TL|itit |it|?} *|L} |t U@T|ih t Th4@h*)
UL?Uih?i_ | )TL|itit |it|?} ?L*?} ?L??it|i_ 4L_i*tc @ _tUttL? Lu |i
_gihi?Uit @?_ t4*@h|it Lu |i |L @TThL@Uit |L 4L_i* i@*@|L? U@? tihi @?
4TLh|@?| Ti_@}L}U ThTLti ? U*@hu)?} |i UL?_|L?t ?_ih U L?i @TThL@U
h@|ih |@? |i L|ih UL*_ Mi @TThLTh@|i
Ai *|ih@|hi L? ?L??it|i_ )TL|itt |it|?} ? t|@|t|Ut @t TL?iihi_ M)
|i ti4?@* UL?|hM|L?t Lu L EbSc L EbS2 @?_ |!?tL? Eb.fc @?_ @t
tMti^i?|*) @TT*i_ |L iUL?L4i|hU 4L_i*t M) it@h@? Eb.e @?_ it@h@? @?_
#i@|L? Eb.H Ai @?@*)tt Lu ?L??it|i_ hi}hittL? 4L_i*t @t uh|ih UL?t_ihi_
M) #@_tL? @?_ @Uk??L? EbHc 6tih @?_ U*iih EbHc #@t|LLh EbHc
#i@|L? EbH2c 5@)ih EbHc BLhihL c L?uLh|c @?_ AhL}?L? EbHc @?_ BL_
uhi) @?_ it@h@? EbH￿ At *|ih@|hi t hiii_ ? 5iU|L? D ihi i i @4?i
@ ?4Mih Lu @*|ih?@|i @TThL@Uit |L |it|?} ?L??it|i_ )TL|ititc ?U*_?} |i
i?UL4T@tt?} @TThL@U @_@?Ui_ M) 3L? @?_ +U@h_ EbHSc BLhihL @?_
L?uLh| EbbD @?_ 54| Ebb
Bi?ih@**) tTi@!?}c |L 4L_i*tc t@) Ms @?_ M}c @hi t@_ |L Mi ?L??it|i_ u |
t ?L| TLttM*i |L _ihi Ms ELh M} uhL4 |i L|ih 4L_i* i|ih M) 4i@?t Lu @?
i @U| ti| Lu T@h@4i|hU hit|hU|L?t Lh @t @ hit*| Lu @ *4|?} ThLUitt | uLh 4@?)
ThTLtit @ 4Lhi h}LhLt _i?|L? t ?ii_i_ 5iU|L? S i @4?it |t tti @?_
uLUtit L? |i k**M@U!wiM*ih _ih}i?Ui 4i@thi U @t T*@)i_ @ TL|@* hL*i
? |i _ii*LT4i?| Lu @ ?4Mih Lu ?L??it|i_ |it| t|@|t|Ut Ai VL?} @TThL@U
|L 4L_i* ti*iU|L?c ii_ @t @ )TL|itt |it|?} ThLM*i4 t @*tL _tUtti_ ? |t
tiU|L? Etii VL?} EbHb 5iU|L? . _i@*t | |i Th@U|U@* ThLM*i4t ?L*i_
? |i 4T*i4i?|@|L? Lu |i L ThLUi_hi T@h| uhL4 @ ui i  UiT|L?tc |i
Ui?|h?} Lu |i *L}*!i*LL_ h@|L t|@|t|U hi^hi_ |L UL?t|hU| |i L t|@|t|Uc
** ?L*i ?_?} @? it|4@|i Lu |i k**M@U!wiM*ih 4i@thi Lu U*Lti?itt Lu |i
@*|ih?@|i |L |i ?** )TL|ittc U ? 4Lt| U@tit t ?L| i@t) |L UL4T|i t?}
@?@*)|U@* |iU?^it 5Mti^i?|*) i i T*Lhi |L 4i|L_t U UhU4i?| |i
ThLM*i4 6ht|c uL**L?} Lh! M) it@h@? @?_ it@h@? Ebbc i i @4?i |i
t4*@|L? @TThL@U U ThL_it @ UL?tt|i?| it|4@|Lh Lu |i kwW 4i@thi
OLiihc t?Ui |t @TThL@U t Thi_U@|i_ TL? |i @_ihi?Ui |L @ U*@ttU@* |it|?}
uh@4iLh!c i @*tL i @4?i |i ti Lu @ T@h@4i|hU MLL|t|h@T @TThL@U `ihi@t
|i ti Lu t4*@|L? u@U*|@|it |i UL?t|hU|L? Lu @ TL|@* |it| t|@|t|U | @?
@t)4T|L|U@**) i** _i?i_ *4|?} _t|hM|L?c |i MLL|t|h@T ThLUi_hi igiU|i*)
hiT*@Uit |i |iLhi|U@* _t|hM|L? | |i i4ThU@* _t|hM|L? u?U|L? `i
@*tL _tUtt |i ti Lu TL|@* MLL|t|h@T t|@|t|Ut uLh |it|?} ?L??it|i_ 4L_i*t
6Dq h{fhoohqw vxuyh| duwlfoh rq qrq0qhvwhg k|srwkhvlv whvwlqj fdq eh irxqg lq Jrxulhurx{ dqg
Prqiruw +4<<7,1
22 L_i*t @?_ Aih 5TiUU@|L?
5TTLti |i uLUt Lu |i @?@*)tt t |L UL?t_ih |i Mi@Lh Lu |i ? i U | L hL u
h@?_L4 @h@M*it | 'E  ￿ |c 2 |cc?|￿ LMtihi_ Lih |i TihL_ | ' c2 ccA 
4L_i* Lu |c ? _ i  i _M )2 ￿ct _i?i_ M) |i L?| ThLM@M*|) _t|hM|L? u?U|L?









2 ￿ G s ￿E ￿c 2ccAmfc*￿'s ￿E ` m  fc* ￿ c ' c2 cc6c E2
ihi s￿E t |i ThLM@M*|) _i?t|) u?U|L? Lu |i 4L_i* E)TL|itt 2￿c@ ? _* ￿
t @ R￿   iU|Lh Lu ?!?L? T@h@4i|iht @ttLU@|i_ | 4L_i* 2￿e
Ai 4L_i*t U@h@U|ihti_ M) s￿E`mfc*￿@ h i?UL?_|L?@* ? |i ti?ti |@|
ThLM@M*|) _t|hM|L? Lu | t u**) tTiUi_ ? |ih4t Lu tL4i ?|@* @*itc fc
@?_ uLh @ }i? @*i Lu *￿ W? iUL?L4i|hUt |i ?|ihit| Lu|i? Ui?|hit L? UL?_|L?@*
4L_i*tc ihi @ iU|Lh Lu Ri?_L}i?Lt @h@M*itc )|c t i T*@?i_ ELh 4L_i**i_
UL?_|L?@* L? @ ti| Lu Ri L}i?Ltc @h@M*itc  | 5U UL?_|L?@* 4L_i*t U@? Mi
_ihi_ uhL4 E2 M) ?L|?} |@|
s￿E￿c2ccAmfc*￿
' s￿E)￿c)2cc)Am ￿c 2cc Ac#E*￿  s￿E ￿c 2cc AmfcE*￿c E22
ihi | 'E ) ￿
|c  ￿
| Ai ?UL?_|L?@* 4L_i* 2￿ t _iUL4TLti_ ?|L @ UL?_|L?@*
4L_i* Lu )| }i?  | @?_ @ 4@h}?@* 4L_i* Lu  | #i?L|?} |i uLh4ih M) 2￿c+￿% i
@i
2￿c+￿% G s￿E)￿c)2cc)Am ￿c 2cc Acfc#E*￿ ' s￿Evmjcfc#E*￿c E2
ihi v 'E ) ￿
￿c) ￿
2cc)￿




L???} @||i?|L? |L |i @?@*)tt @?_ UL4T@htL? Lu UL?_|L?@* 4L_i*t t
@*_ L?*) u |i @h@|L?t ? |i T@h@4i|iht Lu |i 4@h}?@* 4L_i*c E*￿c _Lit
?L| ?_Ui U@?}it ? |i T@h@4i|iht Lu |i UL?_|L?@* 4L_i*c #E*￿ @4i*)
Y#E*￿*Y￿E*￿ ' f `i? |t UL?_|L? L*_t | t t@_ |@|  | t i@!*) i 
L}i?Lt uLh #￿ Ai T@h@4i|iht Lu |i UL?_|L?@* 4L_i*c #￿ ' #E*￿c @hi Lu|i?
hiuihhi_ @t |i T@h@4i|iht Lu ?|ihit|D
Ai UL?_|L?@* 4L_i*t 2￿c+￿   ' c2 cc6 @** @hi M@ti_ L? |i t@4i UL?_|L?
?} @h@M*itc  |c @?_ _gih L?*) ?tLu@h @t |i) @hi M@ti_ TL? _gihi?| T_ut `i
4@) ?|hL_Ui @? @*|ih?@|i ti| Lu 4L_i*t U t@hi |i t@4i T_ut M| _gih
| hitTiU| |L |i ?U*tL? Lu i L}i?Lt @h@M*it 6Lh @?) 4L_i*c 2￿ i 4@)
T@h||L? |i ti| Lu i L}i?Lt @h@M*it  | @UULh_?} |L @ t4T*i ?U*_i_%i U*_i_
7Lq fdvhv zkhuh rqh ru pruh hohphqwv ri }w duh glvfuhwh/ dv lq surelw ru Wrelw vshfl￿fdwlrqv
fxpxodwlyh surededolw| glvwulexwlrq ixqfwlrqv fdq eh xvhg lqvwhdg ri suredelolw| ghqvlw| ixqfwlrqv1
8Vhh Hqjoh/ Khqgu| dqg Ulfkdug +4<;6,1
_UL|L4) AihiuLhi  | 'E   ￿
￿|c ￿W
￿|￿ h|it |i ti| Lu i L}i?Lt @h@M*it @UULh_?}
| L@t  M t i |  ￿| U @hi ?U*_i_ ? 4L_i* 2￿c @?_ @ tMti|  W
￿| U @hi i U*_i_
`i 4@) |i? h|i
s￿Evm ￿c 2c  Ac fc* ￿







' s￿Evmj￿cfc#￿E*￿  s￿Ej
W
￿mj￿cfcU￿E*￿
ihi j￿ 'E   ￿
￿ ￿ c   ￿
￿ 2 cc ￿
￿A￿ @?_ jW
￿ 'E   ￿W
￿￿c ￿W
￿2cc ￿W
￿A￿ t ?L|i_ @MLi ? |i
U@ti Lu 4L_i*t _gihi?|@|i_ tL*i*) M) _gihi?| T_utc @ UL4T@htL? Lu 4L_i*t M@ti_
TL? |i T@h||L? Lu  | ?|L  ￿| @?_  W
￿| tL*_ Mi ThiUi_i_ M) _i|ih4??} i|ih
Y#￿E*￿*YU￿
￿E*￿'f 
Ai @MLi ti| T @**Lt UL?t_ih@|L? Lu h@* 4L_i*t |@| UL*_ _gih ? |i
UL?_|L??} ti| Lu @h@M*itc i ￿|c' c 2 cc6j @?_%Lh |i u?U|L?@* uLh4 Lu
|ih ?_ih*)?} ThLM@M*|) _t|hM|L? u?U|L?tc is￿Ec' c2 cc6jW ?4  U 
Lu |t U@T|ih i ** Mi UL?Uih?i_ | |L h@* EUL?_|L?@* 4L_i*t @?_ uLh
?L|@|L?@* UL?i?i?Ui i _i?L|i |i4 M)
Ms G Iw ' isE)|m |cl|3￿(c  5 Xjc E2e
M} G I￿ ' i}E)|m3|cl|3￿(c  5 Kjc E2D
ihi l|3￿ _i?L|it |i ti| Lu @** T@t| LMtih@|L?t L? )c  @?_ 3c  @?_  @hi
hitTiU|i*) &s @?_ &} iU|Lht Lu ?!?L? T@h@4i|iht Mi*L?}?} |L |i ?L?i4T|)
UL4T@U| ti|t X @?_ Kc @?_ ihi   @?_ 3 hiThiti?| |i UL?_|L??} @h@M*it 6Lh
|i t@!i Lu ?L|@|L?@* t4T*U|) i t@** @*tL Lu|i? ti s|E@ ? _} |E   ?T * @ U iL u
s E ) |m   |cl | 3 ￿( @ ? _} E ) |m 3 |cl | 3 ￿( c hitTiU|i*)
L }i? |i LMtih@|L?t E)|c |c3|c|' c 2 ccA @?_ UL?_|L?@* L? |i
?|@* @*it fc |i 4@ 44 *!i*LL_ Ew it|4@|Lht Lu  @?_  @hi }i? M)
e A ' o} 4@ 
￿MX
usEc 	 A ' o} 4@ 
￿MK
u}Ec E2S








AhL}L| i t@** @tt4i |@| |i UL?_|L?@* _i?t|it s|E@ ? _} | E  t @ |  t u )
|i t@* hi^*@h|) UL?_|L?t @t ti| L|c uLh i @4T*ic ? `|i EbH2 @?_ 54|
Ebbc ?ii_i_ |L i?thi |@| 	 A @?_ 	 A @i @t)4T|L|U@**) ?Lh4@* *4|?} _t
|hM|L?t ?_ih |i #@|@ Bi?ih@|?} hLUitt E#B `i @**L |i #B |L _gih
uhL4 Ms @?_ M}c @?_ _i?L|i | M) M￿( |t @_4||?} |i TLttM*|) |@| ML| Ms
@?_ M} U L  * _M i4  t t T i U   i _@ ? _|  @ |M L | @ h i*  ! i * )| LM ih i  i U | i _ ?T h @ U |  U i 
eW? |t ti||?} 	 A @?_ 	 A @hi hiuihhi_ |L @t ^@tw it|4@|Lht @?_ |ih ThLM@
M*|) *4|t ?_ih M￿c U i _i?L|i M) ￿W @?_ ￿W hitTiU|i*)c @hi !?L? @t
E@t)4T|L|U Tti_L|hi @*it Aiti Tti_L|hi @*it @hi _i?i_ M)
￿W ' o} 4@ 
￿MX
.￿iA




ihi .￿E _i?L|it i TiU|@|L?t @hi |@!i? ?_ih M￿W ?|  iU @ t i  i h i |uL**Lt
@ t|hU|*) t|@|L?@h) ThLUittc E2H t4T*it |L
￿W ' o} 4@ 
￿MX
.￿i*?s|Ejc ￿W ' o} 4@ 
￿MK
.￿i*?}|Ej E2b
AL i?thi }*LM@* _i?|@M*|) Lu |i Tti_L|hi @*itc | ** Mi @tt4i_ |@|
sW @?_ sW ThL_i ?^i 4@ 4@ Lu .￿iA3￿usEj @?_ .￿iA3￿u}Ejch i t T i U 
|i*) *i@h*)c ?_ih Msc? @ 4 i * )@ t t  4  ? }M s  t|  i# B  c i @  i s W ' f c@ ? _
 s W' WE  f   i h i ft |i R|hi @*i Lu  ?_ih Ms 54*@h*)c ?_ih M} i
@i }W' fc@ ? _ } W ' W E  f   |  f_i?L|?} |i R|hi @*i Lu  ?_ih M}
Ai u?U|L?t WEfc@?_ WEf |@| hi*@|i |i T@h@4i|iht Lu |i |L 4L_i*t ?_ih
UL?t_ih@|L? @hi U@**i_ |i M?_?} u?U|L?t Aiti u?U|L?t _L ?L| ?L*i |i
|hi 4L_i*c M￿c @?_ L?*) _iTi?_ L? |i 4L_i*t Ms @?_ M} |@| @hi ?_ih UL?t_ih
@|L? t i t@** tii *@|ih @ uLh4@* _i?|L? Lu i?UL4T@tt?} t }i? ? |ih4t Lu
|i Tti_L |hi @*itc ￿W @?_ ￿Wc @?_ |i M?_?} u?U|L?t WEfc @?_ WEf
iuLhi ThLUii_?} uh|ih | L*_ Mi ?t|hU|i |L UL?t_ih tL4i i @4T*it Lu
?L??it|i_ 4L_i*t uhL4 |i *|ih@|hi
 , @4T*it Lu L?it|i_ L_i*t
`i t|@h| | i @4T*it Lu ?UL?_|L?@* ?L??it|i_ 4L_i*t ?i tU i @4T*ic
Lh}?@**) _tUtti_ M) L  EbS t |@| Lu |it|?} @ *L}?Lh4@* ihtt @? i TL
?i?|@* _t|hM|L?









c 4 :w 2:f c+ |: f
M } G } E + | m  '} |E  '
3 ￿i TE+|*c  : fc +| : f
Aiti )TL|itit E4L_i*t @hi }*LM@**) ?L??it|i_c ? |i ti?ti |@| ?i|ih U@? Mi
LM|@?i_ uhL4 |i L|ih i|ih M) 4i@?t Lu t|@M*i T@h@4i|hU hit|hU|L?t Lh M) @
*4|?} ThLUittS N?_ih Ms |i Tti_L|hi @*i Lu c _i?L|i_ M) sW t LM|@?i_
M) tL*?} |i uL**L?} 4@ 43@|L? ThLM*i4
sW ' o} 4@ 
￿:f
.si*?}|Ej
9D irupdol}dwlrq ri wkh frqfhsw ri joredoo| qrq0qhvwhg prghov fdq eh irxqg lq Shvdudq +4<;:,1
Dovr vhh Vhfwlrq 91
D|.
.si*?}|Ej ' *?  .sE+|* ' *?  i TEw￿ nf  D w 2 * c
U )i*_t
sW' WEf'i TEw￿f nf  D w 2f
54*@h*)c ?_ih M} i @iH
w
W
￿Ebf'* ? ff  D..2cw
W
2 E  f '  Seeb
|ih i @4T*it Lu ?L??it|i_ ?UL?_|L?@* 4L_i*t ?U*_i *L}?Lh4@* ihtt `iM**c
ihih@ EbHe @?_ *L}?Lh4@* ihtt }@44@ _t|hM|L?c it@h@? EbH.
Ai 4Lt| ThL4?i?| i @4T*i Lu UL?_|L?@* ?L??it|i_ 4L_i*t t *?i@h ?Lh4@*
hi}hittL? 4L_i*t | Rh@* ti|t Lu UL?_|L??} @h@M*it t @? i @4T*i UL?t_ih
|i uL**L?} hi}hittL? 4L_i*tG
Ms G +| ' 
￿ | n |sc |s y Efcj
2c 4:j
2:f c E
M} G +| ' 
￿3| n |}c |} y Efc/
2c 4:/
2:f  E2
Ai UL?_|L?@* ThLM@M*|) _i?t|) @ttLU@|i_ | |iti hi}hittL? 4L_i*t @hi }i?
M)




















ihi  'E 
￿cj2 ￿c@ ? _'E 
￿c/2 ￿ Aiti hi}hittL? 4L_i*t @hi ?L??it|i_ u |
t ?L| TLttM*i |L h|i  | @t @? i @U| *?i@h u?U|L? Lu 3| @?_ Ui iht@cL h4 L h i
uLh4@**) u  | % 3| @?_ 3| %  | L _ i * M st t@_ |L Mi ?it|i_ ? M} u  |  3|
@?_ 3| %  | Ai |L 4L_i*t @hi LMtih@|L?@**) i^@*i?| u  |  3| @?_ 3|   |
5TTLti ?L |@| ?i|ih Lu |iti hi}hittL? 4L_i*t t |hi @?_ |i #B t }i?
M)
M￿ G +| ' 
￿| n |￿c |￿ y Efcv
2c 4:v
2:f  ED

















:Qrwh wkdw xqghu Ki/ H+|w,@Hi h{s+oq|w,j @ h{s+￿4 .3 = 8 ￿ 5,1
;Vhh/ Shvdudq +4<;7/ s1 57<083,1
Sihi
































































`i? |i hi}hittLht @hi t|@|L?@h)c |i ?UL?_|L?@* UL?|ihT@h|t Lu |i @MLi
Tti_L|hi @*it U@? Mi LM|@?i_ M) hiT*@U?} 	 P￿￿c 	 P%%c 	 P￿% i|U M) |ih TLT
*@|L? @*itc ?@4i*) P￿￿ ' .E|￿
|c P%% ' .E | ￿
|c P￿% ' .E| ￿
|i | U 
|ih i @4T*it Lu ?L??it|i_ hi}hittL? 4L_i*t ?U*_i 4L_i*t | i?_L}i?Lt
hi}hittLht it|4@|i_ M) ?t|h4i?|@* @h@M*it Etiic uLh i @4T*ic ,hUttL? EbH
@?_ BL_uhi) EbHc ?L??it|i_ ?L?*?i@h hi}hittL? 4L_i*t @?_ hi}hittL? 4L_i*t
ihi |i *iu| @?_ t_i @h@M*it Lu |i h@* hi}hittL?t @hi !?L? |h@?tuLh4@|L?t
Lu @ _iTi?_i?| @h@M*i Lu ?|ihit| ?i 4TLh|@?| ?t|@?Ui Lu |t *@t| i @4T*i
t |i ThLM*i4 Lu |it|?} *?i@h ihtt *L}*?i@h hi}hittL? 4L_i*t @?_ Ui iht@b
Lhi }i?ih@**) i 4@) @i
Ms G sE+|'
￿  |n |sc |s y Efcj
2c 4:j
2:f c
M }G } E + |'
￿3 |n |}c |} y Efc/
2c 4:/
2:f c
ihi sE+|@ ? _} E + | @hi !?L? L?i|LL?i u?U|L?t Lu +| `|? |t 4Lhi }i?ih@*
hi}hittL? uh@4iLh! |it|?} @ *?i@h ihtt @ *L}*?i@h 4L_i* t U@h@U|ih3i_ M)
sE+|'+ |@?_ }E+|'* ? E + |( @ h@|L 4L_i* ihtt @ *L}*?i@h 4L_i* M) sE+|'+ |*^|
@?_ }E+|'* ? E + |c ihi ^| t @? LMtihi_ hi}hittLhc @?_ @ h@|L ihtt @ *?i@h 4L_i*
<Wkhuh lv vxevwdqwldo olwhudwxuh rq qrq0qhvwhg whvwv ri olqhdu yhuvxv orj0olqhdu uhjuhvvlrq prghov1
Hduolhu vwxglhv lqfoxgh Dqhxu|q0Hydqv dqg Ghdwrq +4<;3,/ Jrgiuh| dqg Zlfnhqv +4<;4, dqg Gdylg0
vrq dqg PdfNlqqrq +4<;8,1 Lq d pruh uhfhqw vwxg| Shvdudq dqg Shvdudq +4<<8, kdyh h{dplqhg
wkh surshuwlhv ri d vlpxodwlrq0edvhg yduldqw ri wkh Fr{ whvw1
.M) sE+|'+ |*^| @?_ }E+|'+ | 6Lh i @4T*ic ? @?@*)tt Lu @}}hi}@|i UL?t4T|L?
@ ULUi ?ii_t |L Mi 4@_i Mi|ii? @ *?i@h @?_ @ *L}*?i@h tTiUU@|L? Lu |i
@}}hi}@|i UL?t4T|L? L? |i L?i @?_c @?_ Mi|ii? @ *L}*?i@h @?_ @ t@?} h@|i
uLh4*@|L? L? |i L|ih @?_ Ai |it|?} ThLM*i4 t uh|ih UL4T*U@|i_ ihi _i
|L |i *?i@h |h@?tuLh4@|L?t Lu |i _iTi?_i?| @h@M*ic @?_ @__|L?@* hit|hU|L?t
@hi hi^hi_ u |i i t|i?Ui Lu Tti_L|hi @*it ? |i U@ti Lu |iti 4L_i*t @hi
|L Mi i?thi_ 6Lh i @4T*ic t|@M*i |h?U@|L? hit|hU|L?t ?ii_ |L Mi 4TLti_ L?
|i ihhLht Lu |i *?i@h 4L_i* i? | t |it|i_ @}@?t| @ *L}*?i@h @*|ih?@|i
|ih i @4T*it ihi tTiUU@|L? Lu @? @TThLTh@|i ihhLh t|hU|hi T*@)t @?
4TLh|@?| hL*i ? i4ThU@* @?@*)tt ?U*_i _tUhi|i ULUi @?_ _h@|L? 4L_i*t
ti_ ? 4UhLiUL?L4i|hU hiti@hU *|L} |i @?@*)t| 4@) |*ti ML| ThLh
!?L*i_}i @?_ |iLh) |L ti*iU| @? @TThLTh@|i ti| Lu hi}hittLhtc |ihi t }i?ih@**)
*||*i }_@?Ui ? |ih4t Lu |i 4Lt| @TThLTh@|i ThLM@M*|) _t|hM|L? L??it|i_
)TL|itt |it|?} t T@h|U*@h*) hi*i@?| |L 4UhLiUL?L4i|hU hiti@hU ihi |i
t@4i ti| Lu hi}hittLht @hi Lu|i? ti_ |L i T*@? ?__@* _iUtL?t M| M@ti_ L?
_gihi?| u?U|L?@* _t|hM|L?tc tU @t 4*|?L4@* ThLM| @?_ *L}| tTiUU@|L?t
? |i @?@*)tt Lu _tUhi|i ULUic i TL?i?|@* @?_ `iM** _t|hM|L?t ? |i @?@*
)tt Lu _h@|L? _@|@ W? |i t4T*i U@ti Lu @ ThLM| EMs i h t  t@* L }  |4 L _ i *E M }
i @i
Ms G h E + | ' 'x E 
￿  |'











M} G h E + | ' '\ E 
￿3 |'
e ￿ ￿3 |
ne ￿￿3 | Eb
ihi +|c | ' c2 ccA @hi ?_iTi?_i?|*) _t|hM|i_ M?@h) h@?_L4 @h@M*it |@!
?} |i @*i Lu  Lh f W? Th@U|Ui |i |L ti|t Lu hi}hittLht  | ti_ ? |i ThLM|
@?_ *L}| tTiUU@|L?t @hi *!i*) |L Mi _i?|U@*c @?_ | t L?*) |i uLh4 Lu |i _t|h
M|L? u?U|L?t |@| tiT@h@|i |i |L 4L_i*t |ih u?U|L?@* uLh4t U@? @*tL Mi
i?|ih|@?i_ 5TTLtic uLh i @4T*ic |@| |i |hi #B uLh |t t4T*i _tUhi|i ULUi
ThLM*i4 t }i? M) |i ThLM@M*|) _t|hM|L? u?U|L? ME
￿ |c |i? Tti_L|hi
@*it uLh  @?_  U @ ?M iL M | @  ? i _@ tu  ? U |  L ? tL u c M| L?*) ? @? 4T*U| uLh4















































































 Nt?} hit*|t ? 4i4)@ EbHDc TT
2.2 | t i@t*) it|@M*ti_ |@| |i tL*|L? Lu W ? |ih4t Lu  t ? u@U| ?^ic
@?_ W ' B u @?_ L?*) u xE'M E   54*@h hit*|t @*tL LM|@?t uLh |i *L}t|U
tTiUU@|L?
e L_i* 5i*iU|L? Vihtt O)TL|itt Ait|?}
O)TL|itt |it|?} @?_ 4L_i* ti*iU|L? @hi _gihi?| t|h@?_t ? |i 4L_i* i@*@|L?
*|ih@|hi OLiihc |iti t|h@?_t _gih ? @ ?4Mih Lu 4TLh|@?| hitTiU|t U
@hi Lh| i4T@tt?} ihi￿f L_i* ti*iU|L? Mi}?t | @ }i? ti| Lu 4L_i*tc
Pc U@h@U|ihti_ M) |i ETLttM*) UL?_|L?@* T_ut
P ' is￿Evmj￿c#￿c' c2 cc6jc
| |i @4 Lu ULLt?} L?i Lu |i 4L_i*t ?_ih UL?t_ih@|L? uLh @ T@h|U*@h
ThTLti | @ tTiUU *Ltt E|*|) u?U|L? ? 4?_ W? itti?Ui 4L_i* ti*iU|L?
t @ T@h| Lu _iUtL? 4@!?} @?_ @t @h}i_ ? Bh@?}ih @?_ it@h@? Ebbb _i@**)
| tL*_ Mi u**) ?|i}h@|i_ ?|L |i _iUtL? 4@!?} ThLUitt OLiihc 4Lt| Lu
|i Uhhi?| *|ih@|hi L? 4L_i* ti*iU|L? M*_t L? t|@|t|U@* 4i@thit Lu | tU
@t t4t Lu t^@hit Lu hit_@*t Lh 4Lhi }i?ih@**) 4@ 43i_ *L}*!i*LL_ @*itc
h@|ih |@? iUL?L4U @*i U L?i L*_ i TiU| |L uL**L uhL4 @ 4L_i* ULUi￿￿
t @ hit*| 4L_i* ti*iU|L? tii4t 4U U*Ltih |L )TL|itt |it|?} |@? | @U|@**)
t ? Th?UT*i
Ai 4L_i* ti*iU|L? ThLUitt |hi@|t @** 4L_i*t ?_ih UL?t_ih@|L? t)44i|hU@**)c
*i )TL|itt |it|?} @||hM|it @ _gihi?| t|@|t |L |i ?** @?_ |L |i @*|ih?@|i
)TL|itit @?_ M) _it}? |hi@|t |i 4L_i*t @t)44i|hU@**) L_i* ti*iU|L? @*@)t
i?_t ? @ _i?|i L|UL4ic ?@4i*) L?i Lu |i 4L_i*t ?_ih UL?t_ih@|L? t ti*iU|i_
uLh ti ? _iUtL? 4@!?} O)TL|itt |it|?} L? |i L|ih @?_ @t!t i|ih |ihi
t @?) t|@|t|U@**) t}?U@?| i_i?Ui E? |i i)4@?i@htL? ti?ti Lu _iT@h|hi
43D uhylhz ri wkh prgho vhohfwlrq olwhudwxuh lv eh|rqg wkh vfrsh ri wkh suhvhqw sdshu1 Vhh/ iru
h{dpsoh/ Ohdphu +4<;6, iru dq h{fhoohqw uhylhz1 D uhfhqw uhylhz irfxvvlqj xsrq wkh vhohfwlrq ri
uhjuhvvruv sureohpv lv wr eh irxqg lq Odyhujqh +4<<;,1 Wzr h{fhoohqw wh{wv duh Judvd +4<;<, dqg
Olqkduw dqg ]xffklql +4<;9,1 Pdggdod +4<;4, hglwhg d vshfldo lvvxh ri wkh Mrxuqdo ri Hfrqrphwulfv
zklfk irfxvvhv rq prgho vhohfwlrq1
44Iru wkh fdvh ri wkh fodvvlfdo olqhdu uhjuhvvlrq prgho h{dpsohv ri prgho vhohfwlrq fulwhuld lqfoxgh
Wkhlo*v ￿ U5/ zlwk pruh jhqhudo orvv ixqfwlrqv edvhg xsrq lqirupdwlrq fulwhuld lqfoxglqj Dndlnh*v
+Dndlnh +4<:6,, lqirupdwlrq fulwhuld dqg Vfkzdu}*v +Vfkzdu} +4<:;,, Ed|hvldq lqirupdwlrq fulwh0
ulrq1
buhL4 |i ?** )TL|itt ? |i _hiU|L? Lu L?i Lh 4Lhi @*|ih?@|i )TL|itit
+iiU|L? Lu |i ?** )TL|itt _Lit ?L| ?iUitt@h*) 4T*) @UUiT|@?Ui Lu @?) L?i Lu
|i @*|ih?@|i )TL|itit( | L?*) @h?t |i ?it|}@|Lh Lu TLttM*i tLh|UL4?}t
Lu |i ?** |@| t Mi?} @_LU@|i_ O)TL|itt |it|?} _Lit ?L| tii! @ _i?|i
L|UL4i @?_ u U@hhi_ L| | _i U@hi ?ii_ ?L| *i@_ |L @ u@Lh|i 4L_i* 6Lh
i @4T*ic ? |i U@ti Lu ?L??it|i_ )TL|itt |it|?} | t TLttM*i uLh @** 4L_i*t
?_ih UL?t_ih@|L? |L Mi hiiU|i_c Lh @** 4L_i*t |L Mi _ii4i_ @t LMtih@|L?@**)
i^@*i?|
#i |L |t @t)44i|hU |hi@|4i?| Lu |i @@*@M*i 4L_i*tc |i ULUi Lu |i ?**
)TL|itt T*@)t @ Uh|U@* hL*i ? |i )TL|itt |it|?} @TThL@U `i? |i 4L_i*t
@hi ?it|i_ |i 4Lt| T@ht4L?Lt 4L_i* U@? Mi ti_ @t |i ?** )TL|itt |
? |i U@ti Lu ?L??it|i_ 4L_i*t ET@h|U*@h*) i? |i 4L_i*t @hi }*LM@**) ?L?
?it|i_ |ihi t ?L ?@|h@* ?**c @?_ | t 4TLh|@?| |@| |i ?** )TL|itt t
ti*iU|i_ L? @ ThLh }hL?_t￿2 *|ih?@|i*)c |i @?@*)tt UL*_ Mi U@hhi_ L| |
_gihi?| 4L_i*t ? |i ti| |hi@|i_ @t |i ?** AihiuLhic |i hit*|t Lu ?L??it|i_
)TL|itt |it|?} t *itt U*i@h U| @t UL4T@hi_ |L |i U@ti ihi |i 4L_i*t @hi
?it|i_ ￿￿
W| t @*tL 4TLh|@?| |L i4T@tti |i _t|?U|L? Mi|ii? T@hi_ @?_ L?| ?L?
?it|i_ )TL|itt |it|t wi||?} s￿ _i?L|i |i ?** 4L_i* @?_ s￿ 5P c'2 cc6
?_i @ ti| Lu 6  @*|ih?@|i 4L_i*tc @ T@hi_ |it| t @ |it| Lu s￿ @}@?t| @ t?}*i
4i4Mih Lu Pc ihi@t @ L?| |it| t @ |it| Lu s￿ @}@?t| 4*|T*i @*|ih?@|it ? P
U*iih EbbD t U@hiu* |L }*}| |t _t|?U|L? @?_ ? _L?} tL TL?|t L| @
_iUi?U) ? 4@?) @TT*i_ t|_it ?tLu@h @t 4@?) @|Lht @i |*ti_ @ ti^i?Ui Lu
T@hi_ |it|t uLh ThLM*i4t U@h@U|ihti_ M) 4*|T*i @*|ih?@|it , @4T*it Lu t|_it
U @i @TT*i_ ?L??it|i_ |it|t |L |i ULUi Mi|ii? 4Lhi |@? |L 4L_i*t
?U*_i 5@)ih EbHec 54| @?_ @__@*@ EbH @?_ #@_tL? @?_ @Uk??L?
EbH Ai T@Tih M) 5@)ih t T@h|U*@h*) hi*i@?| t?Ui i _ii*LTt |i 4*|T*i
4L_i* i^@*i?| Lu |i L |it|
Ai _t|?U|L? Mi|ii? 4L_i* ti*iU|L? @?_ ?L??it|i_ )TL|itt |it|t U@? @*tL
Mi 4L|@|i_ uhL4 |i TihtTiU|i Lu @)it@? ihtt t@4T*?}|iLh) @TThL@Uit
|L |i ThLM*i4 Lu ?uihi?Ui 6Lh i @4T*ic | t *!i*) |@| | @ *@h}i @4L?| Lu
_@|@ |i TLt|ihLh ThLM@M*|it @ttLU@|i_ | @ T@h|U*@h )TL|itt ** Mi U*Lti
|L L?i OLiihc |i _t|?U|L? _h@? M) ~i**?ih Eb. Mi|ii? RUL4T@h?} @?_
R|it|?} )TL|itt t hi*i@?| }i? |@| |? @ @)it@? TihtTiU|i |i ThL
}hittL? uhL4 @ ti| Lu ThLh |L TLt|ihLh ThLM@M*|it L? Pc4 i _  @ | i _M )|  i @ ) i t
u@U|Lhc _Lit ?L| ?iUitt@h*) ?L*i @ _iUtL? |L @UUiT| Lh hiiU| |i )TL|itt Wu
@ _iUtL? t hi^hi_ | t }i?ih@**) M@ti_ TL? 4?4t?} @ T@h|U*@h i TiU|i_
*Ltt u?U|L? Atc 4L_i* ti*iU|L? 4L|@|i_ M) @ _iUtL? ThLM*i4 t 4U 4Lhi
hi@_*) hiUL?U*@M*i | |i @)it@? h@|ih |@? |i U*@ttU@* @TThL@U |L 4L_i*
ti*iU|L?
6?@**)c |i ULUi Mi|ii? )TL|itt |it|?} @?_ 4L_i* ti*iU|L? U*i@h*) _i
45Wkh frqfhswv ri joredoo| dqg sduwldoo| qrq0qhvwhg prghov duh gh￿qhg lq Shvdudq +4<;:,1
46Vhh dovr Gdvwrru +4<;4, iru ixuwkhu glvfxvvlrq1
fTi?_t L? |i Th4@h) LMiU|i Lu |i i ihUti Aihi @hi ?L _i?|i h*it L_i*
ti*iU|L? t 4Lhi @TThLTh@|i i? |i LMiU|i t _iUtL? 4@!?} O)TL|itt
|it|?} t Mi||ih t|i_ |L ?uihi?|@* ThLM*i4t ihi |i i4ThU@* @*_|) Lu @ |i
Lhi|U@* Thi_U|L? t |i Th4@h) LMiU|i  4L_i* 4@) Mi i4ThU@**) @_i^@|i
uLh @ T@h|U*@h ThTLti M| Lu *||*i hi*i@?Ui uLh @?L|ih ti ?*) ? |i ?*!i*)
ii?| |@| |i |hi 4L_i* t !?L? Lh !?L@M*i ** |i ti*iU|i_ 4L_i* Mi ?ih
t@**) @TT*U@M*i W? |i hi@* Lh*_ ihi |i |h| t i*ti @?_ ?!?L@M*i ML|
@TThL@Uit |L 4L_i* i@*@|L? @hi Lh| Tht?}
D *|ih?@|i TThL@Uit |L Ait|?} L??it|i_ O)TL|i
tit | TT*U@|L? |L w?i@h +i}hittL? L_i*t
AL ThL_i @? ?||i ?|hL_U|L? |L UL?UiT|t U @hi ?|i}h@* |L @? ?_iht|@?_
?} Lu ?L??it|i_ )TL|itt |it|t i UL?t_ih |it|?} Lu *?i@h hi}hittL? 4L_i*t @t
@ UL?i?i?| t|@h|?} TL?| W? |i i?t?} _tUttL? i _i4L?t|h@|i |@| _i
tT|i |t tTiU@* ui@|hit ?L??it|i_ )TL|itt |it|?} t h4*) hLL|i_ |? |i
i)4@?i@htL? uh@4iLh!
Aihi @hi |hii }i?ih@* @TThL@Uit |L ?L??it|i_ )TL|itt |it|?} @** _tUtti_
? |i TL?iih?} UL?|hM|L?t Lu L EbS @?_ L EbS2 E Ai 4L_i_
EUi?|hi_ *L}*!i*LL_ h@|L ThLUi_hic @*tL !?L? @t |i L |it| E Ai UL4
Thii?ti 4L_i* @TThL@Uc ihiM) |i ?L??it|i_ 4L_i*t @hi |it|i_ @}@?t| @?
@h|U@**) UL?t|hU|i_ }i?ih@* 4L_i* |@| ?U*_it |i ?L??it|i_ 4L_i*t @t tTiU@*
U@tit At @TThL@U @t @_LU@|i_ M) |!?tL? Eb.f @?_ @t *@|ih |@!i? T
?_ih @ _gihi?| }ti M) #@_tL? @?_ @Uk??L? EbH ? _ii*LT?} |ih a
|it| @?_ M) 6tih @?_ U*iih EbH L ThLTLti_ @ hi*@|i_ @*|ih?@|i ThLUi_hi
!?L? @t |i a|it| E  |h_ @TThL@Uc Lh}?@**) UL?t_ihi_ M) #i@|L? EbH2
@?_ #@t|LLh EbH @?_ uh|ih _ii*LTi_ M) BLhihL c L?uLh|c @?_ AhL}?L?
EbH @?_ 3L? @?_ +U@h_ EbHS t |i i?UL4T@tt?} ThLUi_hi ihi @M*|)
Lu L?i 4L_i* |L i T*@? T@h|U*@h ui@|hit Lu @? @*|ih?@|i 4L_i* t |it|i_ _hiU|*)
Ai `@*_ @?_ 5ULhi ,?UL4T@tt?} Ait|t Et@**) _i?L|i_ M) `,A @?_ 5,A @hi
|)TU@**) UL?t|hU|i_ ?_ih |i @tt4T|L? |@| L?i Lu |i h@* 4L_i*t t ULhhiU|
,?UL4T@tt?} |it|t i? |i |hi 4L_i* _Lit ?L| ?iUitt@h*) *i ? |i ti| Lu 4L_
i*t Ei|ih ?it|i_ Lh ?L??it|i_ ?_ih UL?t_ih@|L? @hi ThLTLti_ M) BLhihL 
@?_ L?uLh| EbbD @?_ 54| Ebb
`i t@** ?L **t|h@|i |i 4@? ui@|hit Lu |iti |hii @TThL@Uit ? |i UL?
|i | Lu |i U*@ttU@* *?i@h ?Lh4@* hi}hittL? 4L_i*t E @?_ E2 ti| L| @MLi
+ih|?} |iti 4L_i*t ? u@4*@h 4@|h ?L|@|L?t i @iG
Ms G ) ' j n sc s  Efcj
2W Ac ED
M} G ) ' ~ n }c }  Efc/
2W Ac ED2
ihi ) t |i A  iU|Lh Lu LMtih@|L?t L? |i _iTi?_i?| @h@M*ic j @?_ ~ @hi
A  &s @?_ A  &} LMtih@|L? 4@|hUit uLh |i hi}hittLht Lu 4L_i*t Ms @?_ M}c 
@?_  @hi |i &s @ ? _& } ?!?L? hi}hittL? ULiUi?| iU|Lhtc s @?_ } @hi
|i A  _t|hM@?Ui iU|Lhtc @?_ WA t @? _i?||) 4@|h Lu Lh_ih A W? @__|L?c





















3 ￿ * 2~
￿ }
@ q E f c/
2P 55c















$ _i?L|it UL?ih}i?Ui ? ThLM@M*|)c |i 4@|hUit 	 P%%cP %%c 	 P55cP55 @hi
?L?t?}*@hc P5% 'P ￿
%5 9' fc@ ? _t i |
P s'P %%  P%5P
3￿
55 P5%c @?_ P} 'P 55 P5%P
3￿
%%P%5
D L|@|L? uLh L?it|i_ 5|@|t|Ut
6hL4 @ t|@|t|U@* i TL?| |i 4@? _gihi?Ui Mi|ii? |i ?it|i_ @?_ ?L??it|i_
)TL|itt |it|?} *it ? |i u@U| |@| |i t@* *L}*!i*LL_ h@|L Lh `@*_ t|@|t|Ut
ti_ ? |i UL?i?|L?@* )TL|itt |it|?} @hi @|L4@|U@**) Ui?|hi_ @| 3ihL ?_ih
|i ?** i? |i )TL|itit ?_ih UL?t_ih@|L? @hi ?it|i_ *i |t t ?L| |hi
? |i U@ti Lu ?L??it|i_ )TL|itit OLiihc L?Ui |i UL?i?|L?@* |it| t|@|t|Ut
@hi @TThLTh@|i*) Ui?|hi_ E@| *i@t| @t)4T|L|U@**) |i t@4i U*@ttU@* |iU?^it
U@? Mi @TT*i_ |L |it|?} Lu ?L??it|i_ )TL|itit Nt?} |i |L ?L??it|i_ *?i@h
hi}hittL? 4L_i*t ? ED @?_ ED2 i ht| _i4L?t|h@|i |i ThLM*i4t | t|@?_@h_
|it| t|@|t|Ut M) uLUtt?} L? @ t4T*i UL4T@htL? Lu t4t Lu t^@hi_ ihhLht

















@?_ is t |i w5 hit_@* iU|Lh ?_ih Ms tU |@| is ' s) L|i |@| ED
hiThiti?|t @ ?@|h@* t|@h|?} TL?| Mi?} |i _gihi?Ui Mi|ii? |i 4i@? t4 Lu
t^@hi_ ihhLht uLh |i |L 4L_i*t
W? }i?ih@* |i i @U| _t|hM|L? Lu 1A ** _iTi?_ L? |i ?!?L? T@h@4i|iht
A Lt i i|   t h t |? L | i|  @ | ? _ i hM sci s ' sE  snj   |ihiuLhic Et?Ui sj 'f  c
i @i






i} ' }) ' }Ej n sc
Lh
i} ' }j n }s
@?_









￿   } E j  n  s 
'
￿




￿ }j  
Nt?} EDe @?_ EDD ? ED @?_ |@!?} i TiU|@|L?t E?_ih Ms i @  i
. E 1 A'
 ￿j ￿ }j 
A& }
f EDS
   U  i_ i ? L | iM )> A 'E  ￿ j ￿  } j k  * E A& }  5?Ui 1A _Lit ?L| @i 4i@?
3ihL ?_ih |i ?** )TL|itt Msc |i? 1A U@??L| ThL_i t | @ t|@M*i |it|
t|@|t|U  L |  U i c L  i  i h|  @ |  i ?M s t ?it|i_ |? M}c|  i ? }j'f@ ? _
1 A ** @i 4i@? 3ihL Ei @U|*) ?_ih M}W ?|   tU @ t i u i@ * t L@ t t  4 i|  @ | s





ihi 8ocA3&} t _t|hM|i_ @t @ EUi?|h@* 8 | o @?_ A  &} _i}hiit Lu uhii_L4(
o ihi t|@?_t uLh |i ?4Mih Lu hit|hU|L?t |@| i ?ii_ |L 4TLti L? M} ? Lh_ih
|L LM|@? Ms
 u?_@4i?|@* |i?i| Lu U*@ttU@* )TL|itt |it|?} t |@| |i _t|hM|L? Lu |i
|it| t|@|t|U t !?L? ?_ih @ i** tTiUi_ ?** )TL|itt Atc ? |t UL?|i | u
Ms t ?it|i_ |? M} |i? ?_ih |i ?** Lu Ms |i ?Lh4@*ti_ _gihi?Ui Mi|ii?
|i t4 Lu t^@hi_ ihhLht @t @ 3ihL i TiU|@|L? `i? Ms t ?L| ?it|i_ |? M}
i 4@) @_LT| @ ?4Mih Lu @*|ih?@|i @TThL@Uit 6ht|c @ t|@M*i |it| t|@|t|U |@|
@t 3ihL 4i@? @t)4T|L|U@**) ** Mi
5A ' 1A  	 >A







￿j ￿ }j	 
A &}
c ED.
ihi 	  'E j ￿j  3 ￿j ￿)  ED. hiThiti?|t @? i @4T*i Lu Ui?|h?} Lu @ |it| t|@|t|U
tU |@| |i _t|hM|L? Lu 5A t !?L? E@t)4T|L|U@**) L EbSc L EbS2
|*ti_ |t @TThL@U |L Ui?|hi |i *L}*!i*LL_ h@|L t|@|t|U uLh |L ?L??it|i_
4L_i*t `i? |i 4L_i*t @hi ?it|i_ |i *L}*!i*LL_ h@|L t|@|t|U t ThLTih*) Ui?
|hi_ E@| *i@t| @t)4T|L|U@**) 6Lh i @4T*ic u i *i| usE@ ? _u }E  _i?L|ic hitTiU
|i*) |i *L}*!i*LL_ u?U|L?t uLh Ms @?_ M}c @?_ i u @tt4i |@| Ms t ?it|i_
|? M}c |i? ?_ih Ms |i *L}*!i*LL_ h@|L t|@|t|Uc 2
k
u}E	 A  usE	 A
l
c
_Lit ?L| hi^hi @?) Ui?|h?} @?_ |i |it| _i?i_ M) |i Uh|U@* hi}L?
2
k





ihi o t |i ?4Mih Lu T@h@4i|ih hit|hU|L?t hi^hi_ |L LM|@? Ms uhL4 M}c
@t)4T|L|U@**) @t |i t3i k @?_ t UL?tt|i?| W? |i U@ti Lu ?L??it|i_ 4L_i*t
|i *!i*LL_ h@|L t|@|t|U t ?L| _t|hM|i_ @t @ Ut^@hi_ h@?_L4 @h@M*i Ai
hi@tL? uLh |t t t4T*i Ai _i}hiit Lu uhii_L4 Lu |i Ut^@hi t|@|t|U uLh |i u-
|it| t i^@* |L |i hi_U|L? ? |i t3i Lu |i T@h@4i|ih tT@Ui @u|ih 4TLt?} |i
?iUitt@h) ti| Lu 3ihL hit|hU|L?t Atc u ?i|ih Ms ?Lh M} ?it|t |i L|ih 4L_i*c
|i @||i?_@?| T@h@4i|ih tT@Uit @?_ i?Ui |i *!i*LL_t @hi ?hi*@|i_ W? 5iU|L?
D2 i i @4?i |i @TT*U@|L? Lu Ui?|h?} ELh 4i@? @_t|4i?| Lu |i *!i*LL_
h@|L t|@|t|U |L LM|@? @ |it| t|@|t|U |@| @t @ !?L? @t)4T|L|U _t|hM|L?
Bi? |@| ? 4Lt| ?t|@?Uit |i uLh4 Lu 4i@? @_t|4i?| ?L*it @?@*)|U@**)
?|h@U|@M*i i TiU|@|L?t ? 5iU|L? . i i @4?i |i ti Lu t4*@|L? 4i|L_t
@t @ 4i|L_ Lu UhU4i?|?} |t ThLM*i4
6L**L?} ti4?@* Lh! M) ,uhL? Eb.bc @? @*|ih?@|i @TThL@U UL?_U|t ?uih
i?Ui |*t?} |i i4ThU@* _t|hM|L? u?U|L? Lu |i |it| t|@|t|U W? |t ?t|@?Ui
|ihi tc ? }i?ih@*c ?L ?ii_ |L Ui?|hi 1A t?} 	 >A W?t|i@_ i |@!i 1A @t |i LM
tihi_ |it| t|@|t|Uc @?_ }i? @ ?** )TL|ittc i t4*@|i @ *@h}i ?4Mihc t@) -c
Lu |i  j2
}c  j2
s T@ht Ai i4ThU@* _t|hM|L? u?U|L? uLh 1A t |i? UL?t|hU|i_
M@ti_ L? 	 j
2
}o @?_ 	 j
2
soco ' c2 cc- W? 5iU|L? .2 i i @4?i |i ti Lu MLL|t|h@T
ThLUi_hit uLh UL?_U|?} ?L??it|i_ )TL|itt |it|t `i @*tL UL?t_ih |i U@ti
uLh UL4M??} |i |)Ti Lu 4i@? @_t|4i?| ? ED. | MLL|t|h@T ThLUi_hit
D2 Ai L hLUi_hi
At ThLUi_hi uLUtit L? |i *L}*!i*LL_ h@|L t|@|t|Uc @?_ ? |i U@ti Lu |i
@MLi hi}hittL? 4L_i*t t }i? M) Et?} |i ?L|@|L?t Lu 5iU|L? 2









































W? |i }i?ih@* U@ti ihi |i hi}hittL? 4L_i*t @hi ?L??it|i_ |i @ih@}i *L}









c _Lit ?L| UL?ih}i |L 3ihL ii? u A t t



























































Ai w+ t|@|t|U t ?@|h@**) Ui?|hi_ @| 3ihL u L?i Lh |i L|ih Lu |i @MLi ThLM
@M*|) *4|t t i^@* |L 3ihL( ?@4i*) u i|ih Ps ' f Lh P} ' f￿e `i? Ps ' f
|i? j  ~ @?_ Ms t ?it|i_ ? M} *|ih?@|i*)c u P} ' fc|  i ?~j@?_ M} t
?it|i_ ? Ms 6?@**)c u ML| Ps ' f @?_ P} ' f |i? |i |L hi}hittL? 4L_i*t @hi
LMtih@|L?@**) i^@*i?| W? |i ?L??it|i_ U@ti ihi ML| Ps 9' f @?_ P} 9' fc
|i t|@?_@h_ w+ t|@|t|U ** ?L| Mi @TT*U@M*i @?_ ?ii_t |L Mi ThLTih*) Ui?|hi_
L <t UL?|hM|L? @t |L ?L|i |@| |t ThLM*i4 U@? Mi LihUL4i u @ UL?tt|i?|
it|4@|i Lu  *4A<" EA 3￿u-s} mMsc U i _i?L|i M) 	 .sEA3￿u-s}c t tM
|h@U|i_ uhL4 A3￿u-s}c U )i*_t |i ?i Ui?|hi_ E4L_i_ *L}*!i*LL_ h@|L
t|@|t|U E@*tL !?L? @t |i L t|@|t|U uLh |it|?} Ms @}@?t| M}G
7s} ' A























A n 	 
￿









A n 	 
￿






W| t ?L U*i@h |@| M) UL?t|hU|L? |i L t|@|t|Uc 7s}c @t @t)4T|L|U@**) 4i@?
3ihL ?_ih Ms t @t TL?|i_ L| i@h*ihc t?Ui |ihi t ?L ?@|h@* ?** )TL|itt
? |t ti| Tc L?i @*tL ?ii_t |L UL?t_ih |i 4L_i_ *L}*!i*LL_ h@|L t|@|t|U








A n 	 
￿






47Wkh fdvhv zkhuh ￿i 9@ 3 +uhvshfwlyho| ￿j 9@ 3 , exw qhyhuwkhovv ￿i￿3 @ 3 +uhvshfwlyho|
￿j￿3 @ 3, duh glvfxvvhg lq Shvdudq +4<;:/ s1 :7,1
DL| Lu |iti |it| t|@|t|Ut Ei? @TThLTh@|i*) ?Lh4@*3i_ M)
s
A @hi @t)4T|L|
U@**) ?Lh4@**) _t|hM|i_ ?_ih |ih hitTiU|i ?**t | @ 3ihL 4i@? @?_ ?|i
@h@?Uit 6Lh |i |it| Lu Ms @}@?t| M} i @i￿D
_ r+@oE
s




















) hiiht?} |i hL*i Lu |i ?** @?_ |i @*|ih?@|i )TL|itt @ t4*@h t|@?_@h_3i_
L t|@|t|U U@? Mi UL4T|i_ uLh |it|?} M} @}@?t| Msc U i _i?L|i M) }s
#i?L|i |i Ek TihUi?| Uh|U@* @*i Lu |i t|@?_@h_ ?Lh4@* _t|hM|L? M) kc
|i? uLh L|UL4it @hi TLttM*iG
E +iiU| M} M| ?L| Ms u m s} m	 k@?_ m }s m kc
E2 +iiU| Ms M| ?L| M} u m s} m k @?_ m }s m	 kc
E +iiU| ML| Ms @?_ M} u m s} m k @?_ m }s m kc
Ee +iiU| ?i|ih Ms Lh M} u m s} m	 k@?_ m }s m	 k
Aiti @hi |L Mi UL?|h@t|i_ |L |i L|UL4it Lu |i ?it|i_ )TL|itt |it|?}
ihi |i ?** t i|ih hiiU|i_ Lh ?L|c U t|i4 uhL4 |i u@U| |@| i? |i )
TL|itit ?_ih UL?t_ih@|L? @hi ?L??it|i_ |ihi t ?L ?@|h@* ?** ELh 4@?|@?i_
)TL|itt @?_ L?i |ihiuLhi ?ii_t |L UL?t_ih ? |h? i@U Lu |i )TL|itit @t |i
?** 5L |ihi @hi |Ui @t 4@?) TLttM*|it @t |ihi @hi i? |i )TL|itit @hi
?it|i_ L|i |@| u i |*ti |i ?uLh4@|L? ? |i _hiU|L? Lu hiiU|L?c |@|
t ?t|i@_ Lu UL4T@h?} |i @MtL*|i @*i Lu s} | k i _i|ih4?i i|ih
hiiU|L? t ? |i _hiU|L? Lu |i ?** Lh |i @*|ih?@|ic |ihi @hi @ |L|@* Lu i}|
TLttM*i |it| L|UL4it Etii |i _tUttL? ? 6tih @?_ U*iih Eb.b @?_ #@t|LLh
EbH At @tTiU| Lu ?L??it|i_ )TL|itt |it|?} @t Mii? Uh|U3i_ M) tL4i
UL44i?|@|Lht( TL?|?} L| |i |it| L|UL4i U@? *i@_ |L @4M}|it E5iic uLh i 
@4T*ic Bh@?}ihc k?}c @?_ `|i EbbD OLiihc |t t @ @*_ Uh|Ut4 L?*) u
|i Th4@h) LMiU|i t |L ti*iU| @ tTiUU 4L_i* uLh uLhiU@t|?} Lh _iUtL? 4@!?}c
M| ?L| u |i @4 t |L *i@h? @ML| |i UL4T@h@|i t|hi?}|t @?_ i@!?ittit Lu
h@* i T*@?@|L?t `@| t ii_ @t @ i@!?itt uhL4 |i TihtTiU|i Lu 4L_i*
ti*iU|L? ?L MiUL4it @ t|hi?}| i? T*@Ui_ ? |i UL?|i | Lu t|@|t|U@* ?uihi?Ui
@?_ 4L_i* M*_?} 6Lh i @4T*ic i? ML| 4L_i*t @hi hiiU|i_ |i @?@*)tt TL?|t
|i ?it|}@|Lh ? |i _hiU|L? Lu _ii*LT?} @ |h_ 4L_i* U ?ULhTLh@|it |i
4@? _ith@M*i ui@|hit Lu |i Lh}?@*c @t i** @t Mi?} |iLhi|U@**) 4i@??}u*
E5ii it@h@? @?_ #i@|L? Eb.H
48Vhh Shvdudq +4<:7, iru ghwdlov ri wkh ghulydwlrqv1
SD Ai L4Thii?ti TThL@U
?L|ih @TThL@U U*Lti*) hi*@|i_ |L |i L <t ThLUi_hi t |i UL4Thii?ti @T
ThL@U @_LU@|i_ M) |!?tL? Eb.f ihiM) |it|t Lu ?L??it|i_ 4L_i*t @hi M@ti_
TL? @ |h_ UL4Thii?ti 4L_i*c @h|U@**) UL?t|hU|i_ tL |@| i@U Lu |i ?L?
?it|i_ 4L_i*t U@? Mi LM|@?i_ uhL4 | @t tTiU@* U@tit *i@h*)c |ihi @hi @ *@h}i
?4Mih Lu @)t |@| tU @ UL4Thii?ti 4L_i* U@? Mi UL?t|hU|i_  ThL4?i?|
i @4T*i t |i i TL?i?|@* 4 |hic Mbc U ? |i U@ti Lu |i ?L??it|i_ 4L_i*t
E2e @?_ E2D t _i?i_ M)
Mb G SbE)|m |c3|cl|3￿(c'
sE ) |m   |cl | 3 ￿(  ￿ 3 b} E ) |m 3 |cl | 3 ￿(  b
U
, +sE ) |m   |cl | 3 ￿(  ￿ 3 b} E ) |m 3 |cl | 3 ￿(  b_ ) |
c
ihi U+ hiThiti?|t |i _L4@? Lu @h@|L?t Lu )|c @?_ |i ?|i}h@* ? |i _i?L4
?@|Lh i?thit |@| |i UL4M?i_ u?U|L?c SbE)|m |c3|cl|3￿(cc t ? u@U| @ ThLTih
_i?t|) u?U|L? ?|i}h@|?} |L ?|) Lih U+ Ai R4 ?} T@h@4i|ih b @hit ?
|i h@?}i dfco @?_ hiThiti?|t |i i}| @||@Ui_ |L 4L_i* Ms | i t | L u b 'f
E b'  @}@?t| |i @*|ih?@|i |@| b 9'fE b9 '  U@? ?L Mi U@hhi_ L| t?}
t|@?_@h_ |iU?^it uhL4 |i *|ih@|hi L? ?it|i_ )TL|itt |it|?} E5ii |!?tL?
Eb.f @?_ it@h@? EbH2@ At @TThL@U tc Liihc tMiU| |L |hii 4TLh|@?|
*4|@|L?t 6ht|c @*|L} |i |it|?} uh@4iLh! t ?it|i_c |i |it| Lu b ' f t t|**
?L?t|@?_@h_ _i |L |i u@U| |@| ?_ih b ' f |i T@h@4i|iht Lu |i @*|ih?@|i )
TL|ittc c _t@TTi@ht At t !?L? @t |i #@it<t ThLM*i4 E5ii #@it Eb..
Ai t@4i @*tL @TT*it u |i ?|ihit| t ? |it|?} b '  Ai tiUL?_ *4|@|L? t _i
|L |i u@U| |@| |it|?} b ' f @}@?t| b 9' fc t ?L| i^@*i?| |L |it|?} Ms @}@?t|
M}c U t |i ThLM*i4 Lu Th4@h) ?|ihit| At 4T*U| U@?}i Lu |i @*|ih?@|i
)TL|itt U@? @i ?u@Lh@M*i UL?ti^i?Uit uLh |i TLih Lu ?L??it|i_ |it|t
6?@**)c |i T@h|U*@h u?U|L?@* uLh4 ti_ |L UL4M?i |i |L 4L_i*t t @hM|h@h)
@?_ _Lit ?L| @**L _i?|U@|L? Lu |i 4 ?} T@h@4i|ihc bci  i ? u@?_  @hi
tiT@h@|i*) _i?|i_ ?_ih Ms @?_ M} hitTiU|i*) E5ii it@h@? EbH
Ai @TT*U@|L? Lu |i UL4Thii?ti @TThL@U |L |i *?i@h hi}hittL? 4L_i*t
ED @?_ ED2 )i*_tG










~ n c   EfcD
2W Ac ED
ihi D32 'E b  j 3 2nb/32 W| t U*i@h |@| |i 4 ?} T@h@4i|ih b t ?L|
_i?|i_￿S W? u@U| ti||?} V ' bD2*/2 |i @MLi RUL4M?i_ hi}hittL? U@? @*tL
Mi h||i? @t
MV G ) 'E V  j nV ~ n c EDe
49Iru h{dpsoh/ lw lv qrw srvvleoh wr whvw zkhwkhu ￿ @4 @ 5/ zklfk frxog kdyh ehhq ri lqwhuhvw lq
dvvhvvlqj wkh uhodwlyh zhljkwv dwwdfkhg wr wkh wzr ulydo prghov1
.@?_ @ |it| Lu b ' f ? ED U@? Mi U@hhi_ M) |it|?} V ' f ? EDe 5?Ui |i
ihhLh @h@?Uit j2 @?_ /2 @hi t|hU|*) TLt|i b ' f ** Mi i^@*i?| |L |it|?}
V ' f Ai #@it ThLM*i4c Lu ULhtic UL?|?it |L @TT*) @?_ ?_ih Ms EV 'f |  i
ULiUi?|t Lu |i h@* 4L_i*c c _t@TTi@h uhL4 |i UL4M?i_ 4L_i* AL hitL*i
|t ThLM*i4 #@it Eb.. ThLTLtit @ |Lt|@}i ThLUi_hi 6ht|c uLh @ }i? @*i
Lu  @ t|@|t|U uLh |it|?} V ' f t ULti? W? |i Thiti?| @TT*U@|L? |t t }i?
M) |i |h@|L Lu V ? |i hi}hittL? Lu ) L? j @?_ )q ' ~c? @ 4 i * )














￿~ ￿ %) 
2

￿~ ￿ %~ 
,
c
@?_ ihi % t @*hi@_) _i?i_ M) EDH W? |i tiUL?_ t|@}i @ |it| t UL?t|hU|i_
M@ti_ L? |i i?|hi h@?_L4 u?U|L? Lu |VE~ ii_ @t @ u?U|L? Lu  ? i




*|ih?@|i*)c @ |it| t|@|t|U UL*_ Mi M@ti_ L? |i @ih@}i @*i Lu |VE~L M | @  ? i _
t?} @ t|@M*i ThLh _t|hM|L? uLh  6L**L?} |i uLh4ih U*@ttU@* hL|i | t
|i? i@t*) tii? |@| 8V MiUL4it |i t|@?_@h_ 85W t|@|t|U uLh |it|?} M2 ' fc ?
|i hi}hittL?
) ' jM￿ n ~
WM2 n sc EDD
ihi ~W t |i ti| Lu hi}hittLht ? ~ M| ?L| ? jc ?@4i*) ~W ' ~  j _ ~￿.
54*@h*) uLh |it|?} M} @}@?t| Ms |i UL4Thii?ti @TThL@U ?L*it |it|?}
U￿ ' fc ? |i UL4M?i_ hi}hittL?
) ' j
WU￿ n ~U2 n }c EDS
ihi jW t |i ti| Lu @h@M*it ? j M| ?L| ? ~ #i?L|?} |i 6 t|@|t|U uLh |it|?}
U￿ ' f ? |t hi}hittL? M) 8%W c ?L|Ui |@| |ihi @hi t|** uLh TLttM*i L|UL4it
|L |t ThLUi_hi( ? *?i | |i L?it _i|@*i_ @MLi uLh |i L |it| At t
M i U @  t i i @  i|  L6t | @ |  t |  U t c8 % W @?_ 85Wc | |i TLttM*|) Lu hiiU|?} ML|
)TL|ititc hiiU|?} ?i|ihc i|U
? @*|L}i|ih _gihi?| @TThL@U |L |i hitL*|L? Lu |i #@it< ThLM*i4 L*_
Mi |L hiT*@Ui |i hi}hittL? ULiUi?|tc c ? EDe M) @? it|4@|ic t@)  c@ ? _
|i? ThLUii_ @t u  )q ' ~  t _@|@ At t ? igiU| @| t ThLTLti_ M) #@_tL?
@?_ @Uk??L? EbH @?_ 6tih @?_ U*iih EbH #@_tL? @?_ @Uk??L?
4:Iru d surri vhh PfDohhu dqg Shvdudq +4<;9,1
Ht}}it| t?} |i it|4@|i Lu  ?_ih M}c? @ 4 i * )	  A 'E ~
￿ ~ 
3 ￿ ~) At *i@_t
|L |i a |it| U t |i t|@?_@h_ | h@|L Lu |i it|4@|i Lu V ? |i @h|U@*
hi}hittL?￿H
MV G ) ' j@ n V~	 AnV ED.
6Lh |it|?} M} @}@?t| Msc|  ia|it| ** Mi M@ti_ L? |i w5 hi}hittL? Lu ) L? ~
@?_ j	 Ac@ ? _|  iat|@|t|U t |i |h@|L Lu |i ULiUi?| Lu j	 A EU t |i
iU|Lh Lu ||i_ @*it ?_ih Ms ?|   th i } h i t t  L ? 
Ai |it| ThLTLti_ M) 6tih @?_ U*iih E!?L? @t |i a|it| hiT*@Uit  M)
|i it|4@|i Lu |t Tti_L|hi @*i ?_ih Msc}   i ?M ) WE 	  A




W? tLh| |i a |it| Lu Ms @}@?t| M} t |i |h@|L Lu |i ULiUi?| Lu 	 )qk '
~E~￿~
3￿~￿	 A ? |i w5 hi}hittL? Lu ) L? j @?_ 	 )qk 54*@h*)c @ a |it| Lu M}
@}@?t| Ms U@? Mi UL4T|i_
L| |i a @?_ |i a|it| t|@|t|Utc @t i** @t |ih @hLt @h@|L?t ThLTLti_
? |i *|ih@|hi U@? @*tL Mi _ihi_ @t *?i@h @TThL 4@|L?t |L |i L  |it| t|@|t|U
5ii EDf
V@hLt i |i?tL?t Lu |i ?L??it|i_ )TL|itt |it|?} @i @*tL @TTi@hi_ ? |i
*|ih@|hi Aiti ?U*_i |it|t Lu ?L??it|i_ *?i@h hi}hittL? 4L_i*t | tih@**)
ULhhi*@|i_ ihhLht EU*iihc it@h@?c @?_ ih@ Ebbfc 4L_i*t it|4@|i_ M) ?t|h
4i?|@* @h@M*it E,hUttL? EbH @?_ BL_uhi) EbHc 4L_i*t it|4@|i_ M) |i }i?
ih@*3i_ 4i|L_ Lu 4L4i?|t E54| Ebb2c ?L??it|i_ ,*ih i^@|L?t EB)ti*t
@?_ O@** Ebbfc @|Lhi}hitti ihtt 4L?} @ih@}i 4L_i*t E`@*!ih EbS.c k?}
EbHc }i?ih@*3i_ @|Lhi}hitti UL?_|L?@* i|ihLtUi_@t|U EB+O 4L_i* @}@?t|
|i i TL?i?|@*B+O 4L_i* EU*iih @?_ w?} EbbHc *?i@h ihtt *L}*?i@h
4L_i*t E?ih)?,@?t @?_ #i@|L? EbHfc #@_tL? @?_ @Uk??L? EbHDc i
t@h@? @?_ it@h@? EbbDc *L}| @?_ ThLM| 4L_i*t Eit@h@? @?_ it@h@? Ebbc
`ii!t EbbS @?_ #?U@? @?_ `ii!t EbbHc ?L??it|i_ |hitL*_ @|Lhi}hitti
4L_i*t E*|tt4L @?_ VL*@?|i EbbHc it@h@? @?_ L||ih Ebb. @?_ k@Ti|@?Lt
@?_ `ii!t Ebbb
De Ai ,?UL4T@tt?} TThL@U
At @TThL@U }i?ih@*3it |i L <t Lh}?@* _i@ @?_ @t!t i|ih 4L_i* Ms U@?
i T*@? L?i Lh 4Lhi ui@|hit Lu |i h@* 4L_i* M}`  i ?@** |i ui@|hit Lu 4L_i*
M} U@? Mi i T*@?i_ M) 4L_i* Ms | t t@_ |@| 4L_i* Ms i?UL4T@ttit 4L_i* M}(
*!iti 4L_i* M} t t@_ |L i?UL4T@tt 4L_i* Ms u @** |i ui@|hit Lu 4L_i* Ms
U @ ?M ii  T * @  ? i _M )4 L _ i *M }  uLh4@* _i?|L? Lu i?UL4T@tt?} U@? Mi }i? ?
|ih4t Lu |i Tti_L|hi T@h@4i|iht @?_ |i M?_?} u?U|L?t _i?i_ ? 5iU|L? 2G
4;Fkdr dqg Vzdqvrq +4<<:, surylgh vrph dv|pswrwlf uhvxowv iru wkh M whvw lq wkh fdvh ri qrq0
qhvwhg prghov zlwk L+4, uhjuhvvruv1
bL_i* M} t t@_ |L i?UL4T@tt 4L_i* Msc hitTiU|i*) _i?i_ M) E2D @?_ E2ec
u @?_ L?*) u
M}HMs G ￿W ' WE￿W EDH
54*@h*)c Ms t t@_ |L i?UL4T@tt M} ELh M} t i?UL4T@tti_ M) Ms  u @?_ L?*) u
MsHM} G ￿W ' WE￿W
+iU@** |@| ￿W @?_ ￿W @ h i|  iT t i  _ L  | h  i @ *  i tL u c@ ? _| hitTiU| |L |i
|hi 4L_i* M￿c@ ? _ WE  @ ? _ WE   @hi |i M?_?} u?U|L?t *?!?} |i T@h@4i|iht
Lu |i 4L_i*t Ms @?_ M} 6Lh i @4T*ic ? |i U@ti Lu |i *?i@h h@* hi}hittL?
4L_i*t E @?_ E2c @?_ @tt4?} |@| |i |hi 4L_i* t }i? M) ED |i? | t
i@t*) tii? |@| |i u?U|L?t |@| M?_ |i T@h@4i|iht Lu 4L_i* M} |L |@| Lu Ms
@hi
WE￿W'









Nt?} E. |L tMt|||i uLh |i Tti_L|hi @*it ￿W @?_ /2
￿W i @i
WE￿W'
 	 P 3 ￿
%% 	 P%5	 P3￿
55 	 P5￿
v2 n
￿E	 P￿￿  	 P￿5	 P3￿
55 	 P5￿ n
￿	 P￿5	 P3￿
55 E	 P55  	 P5%	 P3￿




AihiuLhic UL?_|L?@* L? |i LMtih@|L? 4@|hUit jc ~c@ ? _` c4 L _ i *M s i?UL4









%% 	 P%5	 P3￿
55 	 P5￿
v2 n
￿E	 P￿￿  	 P￿5	 P3￿
55 	 P5￿ n
￿	 P￿5	 P3￿
55 E	 P55  	 P5%	 P3￿




Aiti UL?_|L?t @hi t4T*i_ |L
	 P%￿ ' 	 P%5	 P
3￿





%% 	 P%￿ ' 
￿	 P￿5	 P
3￿
55 	 P5%	 P
3￿
%% 	 P%5	 P
3￿
55 	 P5￿ ED2f
| | t i@t*) ihi_ |@| EDb 4T*it ED2fc ?@4i*) i?UL4T@tt?} | hitTiU|
|L |i hi}hittL? ULiUi?|t 4T*) i?UL4T@tt?} | hitTiU| |L |i ihhLh @h@?Uit
AihiuLhic Ms t i?UL4T@tti_ M) M} u @?_ L?*) u Ej
￿5` ' f At UL?_|L?
t U*i@h*) t@|ti_ u i|ih Ms t ?it|i_ |? M}c Ej￿5' fc Lh u M} UL?|@?t |i
|hi 4L_i*c E5` ' f Ai hi4@??} TLttM*|)c ?@4i*) i? Ej
￿5`'f c
2fM| |i |hi @*i Lu ct @ ) f c t tU |@| Ej
￿5`f' fc t @ h@|ih @ *L
ThLM@M*|) ii?|













	 A  WE	 A
l
B L  h  i h L   
@?_ L?uLh| EbbD tL |@| ?_ih |i i?UL4T@tt?} )TL|ittc ￿W ' WE￿Wc




	 A  WE	 A
l
t @t)4T
|L|U@**) ?Lh4@**) _t|hM|i_ | 3ihL 4i@?t @?_ @ @h@?Ui UL@h@?Ui 4@|h |@|
? }i?ih@* _iTi?_t ? @ UL4T*U@|i_ @) L? |i ThLM@M*|) _i?t|) u?U|L?t Lu |i
h@* 4L_i*t ?_ih UL?t_ih@|L? L4T*U@|L?t @hti t?Ui MiU@ti M} ?ii_ ?L|
Mi*L?} |L M￿ AL |it|?} ThLUi_hit @hi ThLTLti_c |i `@*_ i?UL4T@tt?} |it|
E`,A @?_ |i tULhi i?UL4T@tt?} |it| E5,Ac ML| Mi?} _U*| |L 4T*i4i?|
6ht|c |i M?_?} u?U|L?t WE@ ? _ W E  @ h i? L |@ *  @ ) ti @ t )| L_ i h   i  E   |
|t ThLM*i4 @*tL @=U|t |i 4T*i4i?|@|L? Lu |i L ThLUi_hic tii Mi*L 5iU












	 A  WE	 A
l
c @hic ? }i?ih@*c ?L??ih|M*i @?_ |i UL?t|hU|L? Lu
`,A @?_ 5,A t|@|t|Ut ?L*i |i ti Lu }i?ih@*3i_ ?ihti @?_ |t ? |h?
hi^hit it|4@|L? Lu |i h@?! Lu |iti UL@h@?Ui 4@|hUit *|ih?@|i @)t Lu
_i@*?} | |iti _U*|it @hi UL?t_ihi_ ? BLhihL @?_ L?uLh| EbbD @?_
54| Ebb
W? |i U@ti Lu *?i@h hi}hittL? 4L_i*t u** T@h@4i|ih i?UL4T@tt?} E?@4i*) @?
i?UL4T@tt?} i ihUti ?L*?} ML| hi}hittL? ULiUi?|t @?_ ihhLh @h@?Uit t
??iUitt@h)￿b 6LUtt?} L? hi}hittL? ULiUi?|t |i i?UL4T@tt?} t|@|t|Ut uLh



































	 A  WE	 A
l
t @t)4T|L|U@**) ?Lh4@**) _t|hM|i_




|i UL?t|hU|L? Lu @ t|@?_@h_3i_ i?UL4T@tt?} |it| t|@|t|U hi^hit @ UL?tt|i?|
it|4@|i Lu v2c |i ihhLh @h@?Ui Lu |i |hi hi}hittL? 4L_i*c @?_ |t _Lit ?L|
tii4 TLttM*i |L| uh|ih @tt4T|L?t @ML| |i ?@|hi Lu |i |hi 4L_i* W?
|i *|ih@|hi | t Lu|i? E4T*U|*) @tt4i_ |@| |i |hi 4L_i* t UL?|@?i_ ?
|i ?L? ?|ihtiU|L? Lu |i h@* 4L_i*t ?_ih UL?t_ih@|L? E?@4i*) `  j^~
4<Uhfdoo wkdw wkh hqfrpsdvvlqj frqglwlrq +814<, iru wkh uhjuhvvlrq frh￿flhqwv lpsolhv wkh frqgl0
wlrq +8153, iru huuru yduldqfh hqfrpsdvvlqj exw qrw ylfh yhuvd1
53Qrwlfh wkdw wkh qrupdolw| dvvxpswlrq lv qrw qhhghg dqg fdq eh uhod{hg1
2@?_ v2 t |i? UL?tt|i?|*) it|4@|i_ uhL4 @ hi}hittL? Lu ) L? j ^ ~N ? _ i h|   t









2 t |i it|4@|i Lu |i ihhLh @h@?Ui Lu |i hi}hittL? Lu ) L? j ^ ~c@ ? _
E j
￿ 5j 7  t @ }i?ih@*ti_ ?ihti Lu j￿5j At 4@|h t h@?! _iUi?| i?iih
j @?_ ~ @i @h@M*it ? UL44L?c ?@4i*) u j _ ~ ' " 9' fw i | j 'E j ￿c" 



















@?_ t _i?|U@* |L |i t|@?_@h_ `@*_ t|@|t|U uLh |it|?} |i t|@|t|U@* t}?U@?Ui
Lu j￿ ? |i w5 hi}hittL? Lu ) L? ~ @?_ j￿ At t Tih@Tt ?L| thTht?}c UL?t_
ih?} |i E4T*U| @tt4T|L? UL?Uih??} |i |hi 4L_i* Mi?} @ ?L? ?|ihtiU|L?
Lu |i h@* hi}hittL? 4L_i*t Ms @?_ M}
|ih i?UL4T@tt?} |it|t U@? @*tL Mi _ii*LTi_ _iTi?_?} L? |i T@h@4i|iht
Lu ?|ihit| Lh |ih u?U|L?t 6Lh i @4T*ic @ @h@?Ui i?UL4T@tt?} |it| Lu M}HMs











AnA 3 ￿	 
￿
A~ ￿ %~ 	  A
l
 2￿ N?_ih |i i?UL4T@tt?} )TL|itt
|t t|@|t|U |i?_t |L 3ihLc M| |t @t)4T|L|U _t|hM|L?t ? }i?ih@* _iTi?_t L?
M￿W ?|  iU @ t i  i h iM }UL?|@?t |i |hi 4L_i* |i @h@?Ui i?UL4T@tt?} |it|
** MiUL4i @t)4T|L|U@**) i^@*i?| |L |i L @?_ |i a |it|t _tUtti_ @MLi
Ai i?UL4T@tt?} @TThL@U U@? @*tL Mi @TT*i_ |L |i *L}*!i*LL_ u?U|L?t
6Lh i @4T*ic |L |it| M}HMs L?i UL*_ ti |i i?UL4T@tt?} *L}*!i*LL_ h@|L
t|@|t|U A3￿iusE	 AusEWE	 Aj At |it| U@? @*tL Mi 4L|@|i_ t?} L <t _i@
Lu Ui?|hi_ *L}*!i*LL_ h@|L t|@|t|Uc | |i _gihi?Ui |@| |i Ui?|h?} t ?L
U@hhi_ L| ?_ih M￿ h@|ih |@? ?_ih M} ELh Ms 5ii BLhihL @?_ L?uLh|
EbbD @?_ 54| Ebb uLh _i|@*t @?_ _U*|it ?L*i_ ? |ih 4T*i4i?|@|L?
|ih hi*i@?| *|ih@|hi ?U*_i #@t|LLh EbHc BLhihL c L?uLh|c @?_ AhL}?L?
EbH @?_ 3L? @?_ +U@h_ EbHS
DD Lih @?_ 6?|i 5@4T*i hLTih|it
 ?4Mih Lu t|_it @i i @4?i_ |i t4@** t@4T*i ThLTih|it Lu ?L??it|i_ |it|t
6Lh @ *4|i_ ?4Mih Lu U@tit | t TLttM*i |L _i|ih4?i |i i @U| uLh4 Lu |i |it|












22t|@|t|U @?_ |i t@4T*?} _t|hM|L? 6Lh i @4T*ic BL_uhi) EbH tLt |@|
?_ih Ms u j @?_ ~ @hi ?L?t|LU@t|U | ?Lh4@* ihhLhtc |i? |i a|it| @t
@? i @U| |EA  &s   _t|hM|L?22 W? |i 4@Lh|) Lu U@tit |i ?|i t@4T*i
ThLTih|it @i Mii? i @4?i_ t?} L?|i @h*L t|_it  hiUhhi?| ?_?} t
|@| 4@?) L |)Ti |it|t uLh ?L??it|i_ hi}hittL? 4L_i*t @i @ ?|i t@4T*i t3i
U t t}?U@?|*) }hi@|ih |@? |i ?L4?@* *ii* L_U@|L?t M@ti_ TL? 4i@?
@?_ @h@?Ui @_t|4i?|t @i Mii? ThLTLti_ ? BL_uhi) @?_ it@h@? EbHc @?_
@hi tL? |L @giU| @ tMt|@?|@* 4ThLi4i?| ? ?|i t@4T*i TihuLh4@?Ui Ai
@|Lht _i4L?t|h@|i |@| ? i Tih4i?|@* _it}?t @**L?} uLh ?L??it|i_ 4L_i*t
| i|ih ?L??Lh4@* ihhLhtc _gihi?| ?4Mih Lu hi}hittLhtc Lh @ *@}}i_ _iTi?_i?|
@h@M*ic |i @_t|i_ L |it| TihuLh4t u@Lh@M*) hi*@|i |L |i a |it| Lh 8|it|2￿
W? |i U@ti Lu ?L??it|i_ *?i@h hi}hittL? 4L_i*tc #@_tL? @?_ Uk??L? EbH2
UL4T@hi_ @ ?4Mih Lu @h@?|t Lu |i L |it| | 8c a @?_ a |it|
? @?@*)tt Lu |i TLih ThLTih|it Lu ?L?|it|i_ |it|t @t Mii? ?_ih|@!i? t?}
@ ?4Mih Lu @TThL@Uit W? |i U@ti Lu ?it|i_ 4L_i*t *LU@* @*|ih?@|it @hi hi@_*)
_i?i_ ? |ih4t Lu T@h@4i|iht |@| *?! |i ?** |L |i @*|ih?@|i MLt*) ? |i
U@ti Lu 4L_i*t |@| @hi }*LM@**) ?L??it|i_ Ei |i i TL?i?|@* @?_ *L}?Lh4@*
|t ThLUi_hi t ?L| TLttM*i W? |i U@ti Lu hi}hittL? 4L_i*t it@h@? EbH2@
t @M*i |L _ii*LT @t)4T|L|U _t|hM|L? Lu L |)Ti |it|t ?_ih @ ti^i?Ui Lu
*LU@* @*|ih?@|it _i?i_ ? |ih4t Lu |i _i}hii Lu 4*|UL**?i@h|) Lu |i hi}hittLht
uhL4 |i |L h@* 4L_i*t N?_ih |t ti^i?Ui Lu *LU@* @*|ih?@|it i tLt |@|
|i 6 |it| M@ti_ L? |i UL4Thii?ti 4L_i* t *itt TLihu* |@? |i L |)Ti
|it|tc ?*itt |i ?4Mih Lu ?L?Lih*@TT?} @h@M*it Lu |i @*|ih?@|i Lih |i ?**
)TL|itt t ?|) ? @*|ih?@|i @TThL@U |L @t)4T|L|U TLih UL4T@htL?t U
_Lit ?L| hi^hi tTiUU@|L? Lu *LU@* @*|ih?@|it t @_@?Ui_ M) @@_h EbSf
@?_ @@_h EbS. @?_ L*_t |i @*|ih?@|i )TL|itt  i_ M| @**Lt |i t3i Lu
|i |it| |L |i?_ |L 3ihL @t t@4T*i t3i ?Uhi@tit t)4T|L|U TLih UL4T@htL?t Lu
?L??it|i_ |it|t M) |i @@_h @TThL@U t UL?t_ihi_ ? BLhihL EbH2 @?_
it@h@? EbHe
S i@thit Lu *Lti?itt @?_ VL?}<t TThL@U
5L u@h |i UL?UiT|t Lu ?it|i_ @?_ ?L??it|i_ )TL|itit @i Mii? *LLti*) _i?i_c
M| uLh @ 4Lhi ?|i}h@|i_ @TThL@U |L ?L??it|i_ )TL|itt |it|?} @?_ 4L_i* ti
*iU|L? @ 4Lhi uLh4@* _i?|L? t hi^hi_ At U@? Mi _L?i M) 4i@?t Lu @ @hi|)
Lu RU*Lti?itt Uh|ih@ ThLTLti_ ? |i *|ih@|hi uLh 4i@th?} |i _ih}i?Ui Lu L?i
_t|hM|L? u?U|L? | hitTiU| |L @?L|ih  TLT*@h 4i@thi i4T*L)i_ ? i
t@h@? EbH. uLh |t ThTLti t |i k**M@U!wiM*ih Ek**M@U! EbDb W?uLh4@|L?
h|ihL? EkwW At Uh|ih@ @t Mii? ti_ i |i?ti*) ? |i _ii*LT4i?| Lu ML|
?L??it|i_ )TL|itit |it|t @?_ 4L_i* ti*iU|L? ThLUi_hit Bi? )TL|itit Ms
55Vhh dovr PfDohhu +4<;6,1
56Vhh PfDohhu dqg Shvdudq +4<;9, iru dgglwlrqdo ghwdlov1
2@?_ M}c _i?i_ M) E2e @?_ E2Dc |i kwW 4i@thi Lu M} | hitTiU| |L Ms t
h||i? @t









W| t 4TLh|@?| |L ?L|i |@| Us}Ec t ?L| @ _t|@?Ui 4i@thi 6Lh i @4T*ic
? }i?ih@* Us}Ec t ?L| |i t@4i @t U}sEcc @?_ kwW _Lit ?L| t@|tu) |i
|h@?}*@h ?i^@*|)c ?@4i*) Us} n U}￿ ?ii_ ?L| i Uii_ Us￿ @t hi^hi_ u kwW
ihi @ _t|@?Ui 4i@thi iih|i*ittc kwW @t @ ?4Mih @||h@U|i ThLTih|itG
Us}Ec  fc | |i t|hU| i^@*|) L*_?} u @?_ L?*) u sE'} E   tt4?}
|@| LMtih@|L?t L? +| @hi ?_iTi?_i?|*) _t|hM|i_ |i? |i kwW 4i@thi t
@__|i Lih t@4T*i LMtih@|L?t
AL ThL_i @ uLh4@* _i?|L? Lu ?L??it|i_ Lh ?it|i_ )TL|itt i _i?i |L
RU*Lti?itt 4i@thitG L?i 4i@th?} |i U*Lti?itt Lu M} |L Ms Eii_ uhL4 |i
TihtTiU|i Lu Msc @?_ @?L|ih |i U*Lti?itt 4i@thi Lu Ms |L M}A  i t i @ h i
hitTiU|i*) }i? M) s}Ef'U s}EfcWEfc @?_ }sEf'U }sEfcWEfc
ihi @t MiuLhi WEf t |i Tti_L|hi @*i Lu  ?_ih Msc@ ? _ WE  f t Tti_L
|hi @*i Lu  ?_ih M}
#i?|L? S Ms t ?it|i_ |? M} u @?_ L?*) u s}Ef'f c uLh @** @*it
Lu f 5 Xc @?_ }sEf 9'fuLh tL4i f 5 K
#i?|L? S2 Ms @?_ M} @hi }*LM@**) ?L??it|i_ u @?_ L?*) u s}Ef @?_
}sEf @hi ML| ?L?3ihL uLh @** @*it Lu f 5 X @?_ f 5 K
#i?|L? S Ms @?_ M} @hi T@h|@**) ?L??it|i_ u s}Ef @?_ }sEf @hi
ML| ?L?3ihL uLh tL4i @*it Lu f 5 X @?_ f 5 K
#i?|L? Se Ms @?_ M} @hi LMtih@|L?@**) i^@*i?| u @?_ L?*) u s}Ef'f
@?_ }sEf'fuLh @** @*it Lu f 5 X @?_ f 5 K
Nt?} |i @MLi _i?|L?t | t i@t*) tii?c uLh i @4T*ic |@| *?i@h Lh ?L?
*?i@h h@* hi}hittL? 4L_i*t U@? @| 4Lt| Mi T@h|@**) ?L??it|i_c M| i TL?i?|@*
@?_ *L}?Lh4@* _t|hM|L?t _tUtti_ ? 5iU|L?  @hi }*LM@**) ?L??it|i_ 6Lh
uh|ih _i|@*t tii it@h@? EbH.
`i 4@) @*tL _i?i @ U*Lti?itt 4i@thi Lu M} |L Ms uhL4 |i TihtTiU|i Lu |i
|hi 4L_i* M￿ @?_ ? _L?} tL @hi @M*i |L 4L|@|i VL?}<t @TThL@U |L )TL|itt
|it|?} @?_ 4L_i* ti*iU|L? Etii VL?} EbHb Ai Th4@h) uLUt Lu VL?}<t
@?@*)tt t |L |it| |i )TL|itt |@| |i 4L_i*t ?_ih UL?t_ih@|L? @hi Ri^@**)
U*Lti |L |i |hi 4L_i* t VL?} EbHb ?L|it RWu |i _t|@?Ui Mi|ii? @ tTiUi_
4L_i* @?_ |i |hi _t|hM|L? t _i?i_ @t |i 4?44 Lu |i kwW Lih |i
2e_t|hM|L?t ? |i 4L_i*c |i? | t ?@|h@* |L _i?i |i RMit| 4L_i* @4L?} @
UL**iU|L? Lu UL4Ti|?} 4L_i*t |L Mi |i 4L_i* |@| t U*Ltit| |L |i |hi _t|hM|L?
Atc ? UL?|h@t| |L |i t|@?_@h_ @TThL@U |L 4L_i* ti*iU|L?c @ )TL|itt |it|?}
uh@4iLh! t @_LT|i_ @?_ @ ThLM@M*t|U _iUtL? h*i ti_ |L ti*iU| @ RMit| 4L_i*
`| Lh ti| T @?_ ?L|@|L?t |i U*Lti?itt Lu Ms |L M￿ ii_ uhL4 |i Tih
tTiU|i Lu |i |hi 4L_i*c M￿ t _i?i_ M)
￿sE￿W'. ￿i *?|E*?s|E￿Wj
54*@h*)c |i U*Lti?itt Lu M} |L M￿ t _i?i_ M)
￿}E￿W'. ￿i *?|E*?}|E￿Wj
Ai ?** )TL|itt ?_ih*)?} VL?}<t @TThL@U t ?L }i? M)
MT G ￿sE￿W' ￿}E￿Wc
U U@? @*tL Mi h||i? @t
MT G .￿i*?s|E￿Wj ' .￿i*?}|E￿Wj
Ai ^@?||) .￿i*? s|E￿W  *? }|E￿Wj t ?!?L? @?_ _iTi?_t L? |i ?!?L?
|hi _t|hM|L? M￿c M| U@? Mi UL?tt|i?|*) it|4@|i_ M) |i @ih@}i *L}*!i*LL_
h@|L t|@|t|Uc A3￿
q
usE	 A  u}E	 A
r
 VL?} _ihit |i @t)4T|L|U _t|hM|L?
Lu |i @ih@}i *L}*!i*LL_ h@|L ?_ih MT c @?_ tLt |@| | UhU@**) _iTi?_t
L? i|ih s|E￿W'} |E  ￿ Wc ?@4i*) i|ih |i _t|hM|L?t ? Ms @?_ M} |@|
@hi U*Ltit| |L |i |hi 4L_i* @hi LMtih@|L?@**) i^@*i?| Lh ?L| W? i Lu |t @
ti^i?|@* @TThL@U |L )TL|itt |it|?} t ThLTLti_ 5ii VL?} EbHb uLh uh|ih
_i|@*t
. h@U|U@* hLM*i4t
W? 5iU|L? D i ?L|i_ |@| |i 4L|@|L? uLh |i L |it| t|@|t|U @t M@ti_ TL?
|i LMtih@|L? |@| ?*itt |L 4L_i*tc t@) sE@ ? _} E   @hi ?L??it|i_ |i? |i
i TiU|@|L?
A
3￿.s dusE  u}Eoc E.
_Lit ?L| i@*@|i |L 3ihL @?_ @t @ hit*| t|@?_@h_ *!i*LL_ h@|L t|@|t|Ut @hi
?L| @TThLTh@|i L EbScbS2 ThLTLti_ @ ThLUi_hi tU |@| @ Ui?|hi_ E4L_
i_ *L}*!i*LL_ h@|L @t @ i**_i?i_ *4|?} _t|hM|L? W? 5iU|L? D
i _i4L?t|h@|i_ |@| ? |i U@ti Lu |i *?i@h hi}hittL? i 4@) LM|@? @ U*Lti_
uLh4 UL?tt|i?| it|4@|i Lu E. OLiihc |t t |i i UiT|L? h@|ih |@? |i
h*i @?_ |i ti Lu |i L |it| @t Mii? hit|hU|i_ |L @ hi*@|i*) t4@** ?4Mih Lu
2D@TT*U@|L?t _i |L ThLM*i4t ? UL?t|hU|?} @ UL?tt|i?| it|4@|i Lu |i i TiU|i_
*L}*!i*LL_ h@|L t|@|t|U Aihi @hi |L Th?UT@* ThLM*i4t 6ht|c ? Lh_ih |L
it|4@|i E. i hi^hi @ UL?tt|i?| it|4@|i Lu |i Tti_L |hi @*ic Ef 5iU
L?_c ? 4Lt| U@tit ii? }i? tU @? it|4@|ic |i i TiU|@|L? E. ** t|** Mi
?|h@U|@M*i ? i  UiT|L? t |i @TT*U@|L? Lu |i L |it| |L ML| M?@h) @?_
4*|?L4@* ThLM| @?_ *L}| 4L_i*t W?_iTi?_i?| Lu |i _4i?tL? Lu |i ULUi
ti|c |i i TiU|i_ _gihi?Ui Mi|ii? |i |L *L}*!i*LL_t ?_ih |i ?** @t @
hi*@|i*) t4T*ic U*Lti_ uLh4 i ThittL? Etii it@h@? @?_ it@h@? Ebb
6L**L?} |i Lh! Lu it@h@? @?_ it@h@? Ebbc it@h@? @?_ it@h@? EbbDc
@?_ `ii!t EbbSc @ t4*@|L?M@ti_ @TT*U@|L? Lu |i 4L_i_ *!i*LL_ Th?UT*i
@t Mii? ti_ |L @giU| @_t|4i?|t |L |i |it| t|@|t|U ? Lh_ih |L 4ThLi |i
?|i t@4T*i t3i @?_ TLih ThLTih|it  _h@M@U! Lu |t @TThL@U t |@| | t
t|** hi*@?| TL? @ hiuihi?Ui _t|hM|L? U t @*_ @t)4T|L|U@**) W? @__|L?c
h4i Ebbe @||it|t |L |i i t|i?Ui Lu @ *@h}i ?4Mih Lu @t)4T|L|U@**) i^@*i?|
E, @h@?|t Lu |i L |it| t|@|t|U U hiThiti?|t @ uLh4_@M*i 4i? Lu ULUit
uLh |i @TT*i_ iUL?L4i|hU@? W? |i U@ti Lu |i ?4ih@|Lhc @hLt |it| t|@|t|Ut
@hi M@ti_ TL? |i ti Lu @*|ih?@|i UL?tt|i?| it|4@|Lht Lu |i k**M@U!wiM*ih
4i@thi Lu U*Lti?itt ? @__|L?@* ti| Lu @h@?|t Lu |i L |it| t|@|t|U _iTi?_
TL? |i i t|i?Ui Lu @ ?4Mih Lu , @)t Lu it|4@|?} |i @h@?Ui Lu |i |it|
t|@|t|U
? @*|ih?@|i @TThL@U M@ti_ TL? |i ti4?@* Lh! Lu ,uhL? Eb.bc | UL?
|hM|L?t M) O@** EbHSc ih@? EbHHc O?!i*) EbHHc @?_ L*M@*) @?_ hLhti?
EbbHc @TT*it MLL|t|h@TM@ti_ ThLUi_hit |L _hiU|*) i@*@|i |i i4ThU@* _t
|hM|L? u?U|L? Lu |i *L}*!i*LL_ h@|L t|@|t|U W? |t UL?|i | |i uLUt t
TL? ULhhiU|?} |i hiuihi?Ui _t|hM|L? h@|ih |@? Ui?|h?} |i *L}*!i*LL_ h@
|L t|@|t|U @?_ |*t?} *4|?} _t|hM|L? @h}4i?|t At |)Ti Lu @_t|4i?|
4@)c ? @ ?4Mih Lu U@titc Mi |iLhi|U@**) t|i_ |hL} ,_}iLh| i T@?tL?t
@?_ U@? ?_ih Uih|@? UL?_|L?t hit*| ? 4ThLi4i?|t Lih U*@ttU@* @t)4T|L|U
?uihi?Ui Ai i t|i?Ui Lu @ *@h}i 4i? Lu MhL@_*) i^@*i?| |it| t|@|t|Ut t
@*tL hi*i@?| ? |i UL?|i | Lu MLL|t|h@TM@ti_ ?uihi?Ui +iUi?| thi)t M) V?L_
Ebbc aiL?} @?_ @__@*@ Ebbc @?_ w @?_ @__@*@ EbbSc hii @ *@h}i ?4
Mih Lu @h@?|t ?U*_?} |i _LM*ic hiUhti @?_ i}|i_ MLL|t|h@T +i*@|i_c O@**
EbHH ?L|it |@| ? 4@?) @TT*U@|L?t |i ThiUti ?@|hi Lu |i MLL|t|h@T _it}? t
?L| t|@|i_
.  54*@|L? TT*U@|L? Lu |i L_i_ w!i*LL_ h?UT*i
Ai itti?Ui Lu |i L  ?L??it|i_ |it| t |@| |i 4i@? @_t|i_ h@|L Lu |i 4@ 
4ti_ *L}*!i*LL_t Lu |L ?L??it|i_ 4L_i*t @t @ i** _i?i_ *4|?} _t|h
M|L? ?_ih |i ?** )TL|itt Nt?} |i ?L|@|L? ti| L| ? 5iU|L? 2 @MLi i
4@) h|i |i ?4ih@|Lh Lu |i L |it| t|@|t|U @t
7s} 'A
3￿u-s} s}E	 wAch  E.2
2SAi *@t| |ih4 L? |i h}|@?_ t_i Lu E.2c s}E	 wAc c hiThiti?|t @ UL?tt|i?|
it|4@|Lh Lu s}EfcWEfc |i kwW 4i@thi Lu U*Lti?itt Lu }E| Ls E   At
4@) Mi h||i? @t s}E	 wAch ' 	 . s
k
A 3 ￿ E u s E 	 w A   u } E h  
l
c @?_ t @? it|4@|Lh
Lu |i _gihi?Ui Mi|ii? |i i TiU|i_ @*i Lu |i |L 4@ 4ti_ *L}*!i*LL_t
?_ih |i _t|hM|L? }i? M) sE( h  t @?) UL?tt|i?| it|4@|Lh uLh WEf `ii!t
EbbS ? |it|?} ThLM| @?_ *L}| 4L_i*t Lu _tUhi|i ULUic _t|?}ti_ Mi|ii?
|hii @h@?|tc h  ' ie Ac-Ee AcAj 	 A t |i w, Lu c  t _i |L ki?| EbHS





WEe A t @ t4*@|L?M@ti_ it|4@|Lh ihi o











|E	 A t|  io| _h@ Lu )| ?_ih Ms t?} e A @?_ - t |i ?4Mih Lu
t4*@|L?t L|i |@| uLh ML| - $4@?_ A $4|i? W-Ee A $ WEf
 t4*@|L?M@ti_ it|4@|Lh Lu s}EfcWEf @t Mii? t}}it|i_ M) it@h@?
@?_ it@h@? Ebb @?_ t }i? M)













OLiih E.e hiThiti?|t L?i @TThL@U |L Ui?|h?} |i *L}*!i*LL_ h@|L t|@|t|Uc
ihiM) ML| 	 A @?_ W-E	 A @hi |hi@|i_ @t  i_ T@h@4i|iht ? @*|ih?@|i


























ihi |i T@h@4i|ih @h}4i?|t |L ML| usE@ ? _u }E  @ h i@ * * L  i _| L@h) @UhLtt
i@U o| hiT*U@|L? E5ii L*M@*) @?_ hLhti? EbbH
.2 +it@4T*?} |i w!i*LL_ +@|L 5|@|t|UG LL|t|h@T i|L_t
Ai MLL|t|h@T t @ _@|@M@ti_ t4*@|L? 4i|L_ uLh t|@|t|U@* ?uihi?Ui Ai MLL|
t|h@T @TThL@U ?L*it @TThL 4@|?} |i _t|hM|L? Lu @ u?U|L? Lu |i LMtihi_
_@|@ M) |i MLL|t|h@T _t|hM|L? Lu |i ^@?||) At t _L?i M) tMt|||?} |i
i4ThU@* _t|hM|L? u?U|L? uLh |i ?!?L? _t|hM|L? @?_ hiTi@|?} |t ThL
Uitt 4@?) |4it |L LM|@? @ t4*@|i_ _t|hM|L? W|t hiUi?| _ii*LT4i?| uL**Lt
uhL4 |i hi^hi4i?| Lu @ t}?U@?| @4L?| Lu UL4T|@|L?@* TLih MLt*)
|ihi t ?L @_@?|@}i |L |*t?} MLL|t|h@T ThLUi_hit i? |i i @U| t@4T*?} _t
|hM|L? Lu |i |it| t|@|t|U t !?L? OLiihc | @t Mii? _i4L?t|h@|i_ |@| i?
|i t@4T*?} _t|hM|L? t ?L| !?L?c |i tMt|||L? Lu UL4T|@|L?@* ?|i?ti
2.MLL|t|h@T hit@4T*?} U@? Lgih @? 4ThLi4i?| Lih @t)4T|L|U |iLh) Ai ti
Lu ?L?TL|@* MLL|t|h@T |it|?} ThLUi_hit _Lit ?L| hi^hi |i 4i@? @_t|4i?|
u@U*|@|i_ M) E.e @?_ E.D OLiihc TL|@* ELh MLL|t|h@T| ThLUi_hit hi^hi
ML| 4i@? @?_ @h@?Ui @_t|4i?|t ? Lh_ih |L }@h@?|ii @t)4T|L|U TL|@*?itt
N|*t?} @ T@h@4i|hU MLL|t|h@T i Thiti?| Mi*L @ t4T*i @*}Lh|4 uLh hi
t@4T*?} |i *!i*LL_ h@|L t|@|t|U U i |i? ti |L UL?t|hU| |i i4ThU@*
_t|hM|L? u?U|L? Lu |i |it| t|@|t|U 6Lh |i ThTLti Lu i TLt|L? |i @*}L
h|4 t Thiti?|i_ uLh |i ?L?TL|@* MLL|t|h@T
 Bi?ih@|i - t@4T*it Lu t3i A M) t@4T*?} uhL4 |i ||i_ ?** 4L_i* s|E	 A
2 6Lh i@U o| t4*@|i_ t@4T*ic |i T@h E	 
o
Ac o
WE	 A hiThiti?| |i T@h@4i|ih


















|E	 A _i?L|it |i o| MLL|t|h@Tt@4T*i UL?_|L?@* TL?  ' 	 A` i
|i? UL4T|i |i t4*@|i_ *L} *!i*LL_ h@|L t|@|t|U
A
o





 ) UL?t|hU|?} |i i4ThU@* U_u Lu iAo
s Go- j c i U@? UL4T@hi |i
LMtihi_ |it| t|@|t|Uc As ' usE	 Au}EWE	 Ac | Uh|U@* @*it LM|@?i_
uhL4 |i - ?_iTi?_i?| EUL?_|L?@* hi@*t@|L?t Lu Ao
sA  i T   @ *  i M @ t i _








ihi E t |i ?_U@|Lh u?U|L?
Ai MLL|t|h@T ThLUi_hi L|*?i_ @MLi t4T*) hit@4T*it |i *!i*LL_ h@|L
t|@|t|U |L| TL|?} Aihi @hi @ ?4Mih Lu @*|ih?@|i |it| t|@|t|Ut U M)
t?} TL|@* 4i|L_t @hi UL?iU|hi_ |L hiThiti?| @? 4ThLi4i?| Lih U*@ttU@*
ht| Lh_ih 4i|L_t Etii uLh i @4T*ic ih@? EbHH @?_ O@** EbHH ? i@*@|L?
Lu ML| |i t3i @?_ TLih ThLTih|it Lu @ ?4Mih Lu t4*@|L? @?_ MLL|t|h@TM@ti_
|it|t @TT*i_ |L *?i@h ihtt *L}*?i@h hi}hittL? 4L_i*t @?_ @ ?4Mih Lu @h@?|t
Lu |hitL*_ @|Lhi}hitti 4L_i*t t ThL_i_ ? k@Ti|@?Lt @?_ `ii!t Ebbb
57Li W lv glvfuhwh wkhq uhshdw ydoxhv ri W fdq rffxu uhtxlulqj wkdw zh pdnh dq dgmxvwphqw wr
+:1:,1
2H+iuihi?Uit
"B"je Q Eb.G RW?uLh4@|L? AiLh) @?_ @? , |i?tL? Lu |i @ 44 w!i
*LL_ h?UT*ic ? hLUii_?}t Lu |i 2?_ W?|ih?@|L?@* 5)4TLt4 L? W?uLh
4@|L? AiLh)c i_ M)  i|hLc dqg 6 t@_!c TT 2S.2H !@_i4@ k@_Lc
_@Tit|
,|tt6Ne 8e BAa D w XN,BA|j EbbHG RAi L?*?i@h #)?@4Ut Lu |T|
@?_ N?i4T*L)4i?| ? |i N5c #iT@h|4i?| Lu ,UL?L4Utc N?iht|) L**i}ic
wL?_L?
6j6+Be C EbHDG _@?Ui_ ,UL?L4i|hUt O@h@h_ N?iht|) hittc @4
Mh_}ic 
Aji+A.BAte De BAa  7 $jB|NA EbHfG RAit|?} w?i@h ihtt wL}@
h|4U +i}hittL? L_i*tc +ii Lu ,UL?L4U 5|_itc e.c 2.D2b
|"AtNAe  Eb.fG R i|L_ uLh #tUh4?@|?} i|ii? L_i*t E| #t
UttL?c aLh?@* Lu |i +L)@* 5|@|t|U@* 5LUi|)c c 2c 2D
BBaie - - EbSfG R5|LU@t|U L4T@htL? Lu Ait|tc ?? @| 5|@|t|c
c 2.SbD
EbS.G R+@|it Lu L?ih}i?Ui Lu ,t|4@|it @?_ Ait| 5|@|t|Utc ??
@| 5|@|t|c Hc f2e
BiiNe - Eb..G RN?@?|UT@|i_ L?i) BhL| @?_ N?i4T*L)4i?| ? |i
N?|i_ 5|@|itc 4ihU@? ,UL?L4U +iic S.c fD
jiBAe - EbHHG RhiTL|?} Ait| 5|@|t|UtG  LL|t|h@T Vi Lu t)4T|L|U
+i?i4i?|tc aLh?@* Lu |i 4ihU@? 5|@|t|U@* ttLU@|L?c HEef
jiABA"je e Q NAe BAa  -jtt EbHHG R*|ih?@|i L?it|i_ 5TiU
U@|L? Ait|t Lu A4i5ihit W?it|4i?| L_i*tc aLh?@* Lu ,UL?L4i|hUtc . c
2b2S
BNe c e BAa  - 7BAtNA Ebb.G RAit|t Lu L?it|i_ O)TL|itit ?
L?t|@|L?@h) +i}hittL?t | @? TT*U@|L? |L L_i*?} W?_t|h@* hL_U
|L?c `Lh!?} @Tihc #iT@h|4i?| Lu ,UL?L4Utc i??t)*@?@ 5|@|i N?iht|)
N,OB,+e e BAa  iNitjA EbbHG R L?|i @h*L 5@4T*?} TThL@U
|L Ait|?} L??it|i_ O)TL|ititG L?|i @h*L +it*|tc ,UL?L4i|hU +iitc
TT bD2fb
N!e $ EbSG RAit|t Lu 5iT@h@|i 6@4*it Lu O)TL|ittc hLUii_?}t Lu |i
6Lh| ih!i*i) 5)4TLt4 L? @|i4@|U@* 5|@|t|Ut @?_ hLM@M*|)
2bEbS2G R6h|ih +it*|t L? Ait|t Lu 5iT@h@|i 6@4*it Lu O)TL|ititc
aLh?@* Lu +L)@* 5|@|t|U@* 5LUi|)c 2ec efSe2e
$Bt|NNie  EbHG R L|i L? |i W?|ihThi|@|L? Lu |i L hLUi_hi uLh
L?it|i_ O)TL|ititc ,UL?L4Ut wi||ihtc Hc b
$Bt|NNie  l EbHG R5L4i tTiU|t Lu Ait|?} L?it|i_ O)TL|ititc aLh
?@* Lu ,UL?L4i|hUtc 2c 222H
$BatNAe -e BAa c BWlAANA EbHG R5iih@* Ait|t uLh L_i* 5TiUU@|L?
? |i hiti?Ui Lu *|ih?@|i O)TL|ititc ,UL?L4i|hU@c ebc .H.b
$BatNAe -e BAa c D BWlAANA EbHDG RAit|?} w?i@h @?_ wL}w?i@h
+i}hittL?t }@?t| L  L *|ih?@|itc @?@_@? aLh?@* Lu ,UL?L4Utc H c
ebbD.
$BatNAe -e BAa c D WlAANA EbH2G R5L4i L?it|i_ O)TL|itt
Ait|t @?_ |i +i*@|L?t 4L?} Ai4c +ii Lu ,UL?L4U 5|_itc ebc DD
DSD
$Bjte -  Eb..G RO)TL|itt Ait|?} i? @ t@?Ui @h@4i|ih t hiti?|
?*) ?_ih |i *|ih?@|ic L4i|h!@c SeE2c 2e.2De
$jB|NAe  7 EbH2G RL_i* 5i*iU|L? hLUi_hitc Lhc #Lit |i L?t4T|L?
6?U|L? , t|qc ? ,@*@|?} |i +i*@M*|) Lu @UhLiUL?L4U L_i*tci _ M )
B  5Lc dqg  Lhtc TT eSD `*i)G i vLh!
$!|e  Xe BAa - 7 Aa+W" EbbeG W?it|4i?| N?_ih N?Uih|@?|) h  ? U i 
|L? N?iht|) hittc Uit|ihc Nk
$AWBAe e BAa  bjj"t EbbHG RL?it|i_ L_i*t Lu w@MLh 5TT*) |
#tUhi|i LUitc `Lh!?} @Tihc #iT@h|4i?| Lu ,UL?L4Utc N?iht|) Lu vLh!
.uiNAe  Eb.bG RLL|t|h@T i|L_tG ?L|ih wLL! @| |i a@U!?uic ??@*t
Lu 5|@|t|Utc .c 2S
.iWttNAe  EbHG Rt)4T|L|U hLTih|it Lu W?t|h4i?|@* V@h@M*it 5|@|t|Ut
uLh Ait|?} L?it|i_ O)TL|ititc +ii Lu ,UL?L4U 5|_itc Dfc 2H.fe
8tjie De BAa  W,jji Eb.bG R? |i W?|ihThi|@|L? Lu |i L Ait| ?
,UL?L4i|hUtc ,UL?L4U wi||ihtc ec eDDf
8tjie D -e BAa  W,jji EbHG R*|ih?@|i hLUi_hit @?_ ttLU
@|i_ Ait|t Lu 5}?U@?Ui uLh L?it|i_ O)TL|ititc aLh?@* Lu ,UL?L4i|hUtc
Sc fb
f8ija6BAe e BAa $ jtj,6BA EbSG RAi +i*@|i 5|@M*|) Lu L?i|@h)
Vi*LU|) @?_ |i W?it|4i?| *|T*ih ? |i N?|i_ 5|@|it Hb.bDHc ? 5|@M
*3@|L? L*Uit L44ttL? L? L?i) @?_ hi_| +iti@hU 5|_)c ,?}*iLL_
*gtc i aihti)
D+tj,te .e BAa  QB,, EbbfG RAit|?} L?it|i_ ,*ih L?_|L?t |
"@_h@|hi @ti_ i|L_ Lu TThL 4@|L?c aLh?@* Lu ,UL?L4i|hUtc eSc 2.
fH
DNauij+e w D EbHG RAit|?} L?it|i_ L_i*t u|ih ,t|4@|L? M) W?t|h
4i?|@* V@h@M*it Lh wi@t| 5^@hitc ,UL?L4i|hU@c DE2c DDSD
DNauij+e w De BAa  Q jtBiBA EbHG RAit|t Lu L?it|i_ +i}hit
tL? L_i*tG 54@** 5@4T*i _t|4i?|t @?_ L?|i @h*L ,_i?Uic aLh?@* Lu
,UL?L4i|hUtc 2c De
DNauij+e w De BAa  bW"jAt EbHG RAit|?} w?i@h @?_ wL}w?i@h
+i}hittL?t uLh 6?U|L?@* 6Lh4c +ii Lu ,UL?L4U 5|_itc eHc eH.ebS
DNijiN!e  EbH2G Rt)4T|L|U L4T@htL? Lu Ait|t uLh L?it|i_ O)
TL|itit M) @@_h<t +,c #tUttL? @Tih H2Dc ,+,c @ht
DNijiN!e e BAa  NAuNi| EbbeG RAit|?} L?it|i_ O)TL|ititc
? O@?_MLL! Lu ,UL?L4i|hUtc VL*4i WVci _ M )+ 6 , ? } * i cdqg # w U6@__i?
,*tiihc  uLh_
DNijiN!e e BAa  NAuNi| EbbDG RAit|?}c ,?UL4T@tt?}c @?_ 54
*@|?} #)?@4U ,UL?L4i|hU L_i*tc ,UL?L4i|hU AiLh)c c bD22H
DNijiN!e e  NAuNi|e BAa  CiN}ANA EbHG RAit|?} it|i_ Lh
L?it|i_ O)TL|ititc aLh?@* Lu ,UL?L4i|hUtc 2c HD
DiBA}jie e  w lA}e BAa Q b|j EbbDG RL44i?|t L? Ait|?}
,UL?L4U AiLhit @?_ |i Nti Lu L_i* 5i*iU|L? h|ih@c aLh?@* Lu ,UL?L
4i|hUtc S.c .H.
D i B A } j i e b c  eBAa  Q jtBiBA EbbbG R #iUtL? AiLhi|U T
ThL@U |L 6LhiU@t| ,@*@|L?c #,c `Lh!?} @Tih L bSH
DiBtBe   EbHbG ,UL?L4i|hU L_i* 5i*iU|L?G  i TThL@U k*ih
U@_i4U M*tihtc 5T@?
QB,,e  EbHSG R? |i 4Mih Lu LL|t|h@T 54*@|L?t +i^hi_ |L L?t|hU|
@ L?_i?Ui W?|ih@*c Ai ??@*t Lu 5|@|t|Utc eEe
EbHHG RAiLhi|U@* L4T@htL? Lu LL|t|h@T L?_i?Ui W?|ih@*tc ?
?@*t Lu 5|@|t|Utc Sc b2.bD
Q j A a i + e$ 8 EbbG ,UL?L4i|hUtG *Ui4) Lh 5Ui?Uiq *@U!i** M*tihtc
 uLh_
QA"j,+e $ EbHHG RLL|t|h@T i|L_tc aLh?@* Lu |i +L)@* 5|@|t|U@* 5LUi|)
E5ihit c Dfc 2.
cjNA}e ce BAa D BaaB,B EbbG R ihtTiU|i L? TT*U@|L? Lu LL|t|h@T
i|L_t ? ,UL?L4i|hUtc O@?_MLL! Lu 5|@|t|Utc c D.SfD
cNi}jAtNAe $ be BAa  $ 7jOji| EbSHG R L4T@htL? Lu *|ih?@|i
AiLhit Lu LhTLh@|i W?it|4i?| i@Lhc 4ihU@? ,UL?L4U +iicD H c
SH.2
lBVj|BANte De BAa  bjj"t EbbbG RL?it|i_ L_i*t @?_ |i w!i*
LL_ +@|L 5|@|t|UG  L4T@htL? Lu 54*@|L? @?_ LL|t|h@T@ti_ Ait|tc
#iT@h|4i?| Lu TT*i_ ,UL?L4Ut `Lh!?} @Tih
ljA|e c EbHSG RAi N?_ih*)?} 5|hU|hi Lu L??it|i_ O)TL|itt Ait|tc
L4i|h!@c .c e
lA}e  w EbHG RAit|?} uLh |Lhi}hitti }@?t| L?} ih@}i ,hhLht
? |i w?i@h +i}hittL? L_i*c aLh?@* Lu ,UL?L4i|hUtc 2c DD
l,,OBW"e 7 EbDbG W?uLh4@|L? AiLh) @?_ 5|@|t|Ut `*i)c i vLh!
wBji}Aje  EbbHG R5i*iU|L? Lu +i}hittLht ? ,UL?L4i|hUtG @h@4i|hU @?_
L?T@h@4i|hU i|L_tc ,UL?L4i|hU +iitc .Ec 22.2.
wjB6jie . . EbHG RL_i* LUi @?_ 5TiUU@|L? ?@*)ttc ? O@?_MLL!
Lu ,UL?L4i|hUtc i_ M) ~ Bh*Uitc dqg  # W?|h*}@|Lhc L* W Lh|OL**@?_
M*t?} L4T@?)c N?iht|) Lu @*uLh?@c wLt ?}i*it
we Qe BAa D BaaB,B EbbSG RLL|t|h@TT?} A4i 5ihit L_i*tc ,UL?L
4i|hU +iitc DE2c DDH
wABi|e Qe BAa b ~WWA EbHSG L_i* 5i*iU|L? `*i) @?_ 5L?tc i
vLh!
BaaB,Be D 7 . EbHG L_i* 5i*iU|L? 5TiU@* Wtti Lu aLh?@* Lu ,UL?L
4i|hUtc SE
W,jjie  EbHG R, @U| Ait|t Lu @ L_i* }@?t| L?it|i_ *|ih?@|ic
L4i|h!@c .fc 2HD2HH
W,jjie  EbbDG RAi 5}?U@?Ui Lu Ait|?} ,4ThU@* L?it|i_ L_i*tc
aLh?@* Lu ,UL?L4i|hUtc S.c eb.
2W,jjie e BAa 7 wA} EbbHG R L?it|i_ Ait| uLh |i B+O @?_
,B+O L_i*tc `Lh!?} @Tihc #iT@h|4i?| Lu ,UL?L4Utc N?iht|) Lu
`it|ih? t|h@*@
W,jjie e BAa  Q jtBiBA EbHSG R5|@|t|U@* W?uihi?Ui ? L?it|i_
,UL?L4i|hU L_i*tc TT*i_ @|i4@|Ut @?_ L4T|@|L?c 2fc 2.
W,jjie  De D 8tjie BAa  XN,"ji EbH2G R5iT@h@|i ttTiUi_
+i}hittL?t @?_ N5 wL?} +? #i4@?_ uLh L?i) 6?U|L?c +ii Lu ,UL
?L4Ut @?_ 5|@|t|Utc Sec D.2DH
W,jjie  ce  Q jtBiBAe BAa  l jiB EbbfG R*|ih?@|i
TThL@Uit |L Ait|?} L?it|i_ L_i*t | |LULhhi*@|i_ #t|hM@?UitG
? TT*U@|L? |L L_i*t Lu N5 N?i4T*L)4i?|c L44?U@|L?t ? 5|@|t|Utc
tihit Ebc Sbee
5NAe D .e BAa c 8 -WBia EbHSG RAi ,?UL4T@tt?} h?UT*i @?_ |t
TT*U@|L? |L L?it|i_ O)TL|ititc ,UL?L4i|hU@c Dec SD.S.H
i6je  EbbeG RL?it|i_ Ait|t uLh #tUhi|i LUi L_i*tc `Lh!?} @Tihc
#iT| Lu ,UL?L4Utc N?iht|) Lu vLh!
jijiBe  a  EbHeG R? |i LUi Lu @ `iM** L_i*c aLh?@* Lu |i
W?|ih 4ihU@? 5|@|t|U@* W?t|||ic 2Sc D.S
jtBiBAe  Q Eb.eG R? |i Bi?ih@* hLM*i4 Lu L_i* 5i*iU|L?c +ii Lu
,UL?L4U 5|_itc ec D.
EbHG R|u@**t Lu Ait|?} L?it|i_ O)TL|itit M) |i w@}h@?}i *
|T*ih i|L_c aLh?@* Lu ,UL?L4i|hUtc .c 2
EbH2@G RL4T@htL? Lu wLU@* Lih Lu *|i?@|i Ait|t Lu L?it|i_
+i}hittL? L_i*tc ,UL?L4i|hU@
EbH2MG R h|^i Lu |i hLTLti_ Ait|t Lu |i @|h@* +@|i+@|L?@*
, TiU|@|L?t O)TL|ittc Ai ,UL?L4U aLh?@*c b2c D2bDDe
EbHeG Rt)4T|L|U Lih L4T@htL?t Lu Ait|t Lu 5iT@h@|i @h@4i|hU
6@4*it M) @@_h<t TThL@Uc L4i|h!@c .E2c 2eDD2
EbH.G RB*LM@* @?_ @h|@* L??it|i_ O)TL|itit @?_ t)4T|L|U wLU@*
Lihc ,UL?L4i|hU AiLh)c cS b  b . 
jtBiBAe  Qe BAa 7 $jB|NA Eb.HG RAit|?} L?it|i_ L?w?i@h +i
}hittL? L_i*tc ,UL?L4i|hU@c eSc S..Sbe
jtBiBAe  Qe BAa  jtBiBA EbbG R 54*@|L? TThL@U |L |i hLM
*i4 Lu L4T|?} L <t 5|@|t|U uLh Ait|?} L?it|i_ L_i*tc aLh?@* Lu
,UL?L4i|hUtc D.c ..b2
EbbDG R L?it|i_ Ait| Lu wii* #gihi?Uit Vihtt wL}#gihi?Ui_
5|@|L?@h) L_i*tc ,UL?L4i|hU +iitc eE2c 22.
jtBiBAe  Qe BAa 7 N||ji Ebb.G R 6*LLh @?_ i*?} L_i* Lu N5
|T|c aLh?@* Lu ,UL?L4U #)?@4Ut @?_ L?|hL*c 2EeDc SSSbS
7B+jie l - EbHG RAit|?} 5iT@h@|i 6@4*it Lu O)TL|ititG ? W?uLh4@|L?
h|ihL?c aLh?@* Lu |i +L)@* 5|@|t|U@* 5LUi|) c eDc Hbbb
EbHeG R*|T*i O)TL|itt Ait|?}c +L)@* 5|@|t|U@* 5LUi|) c eSEc
ebe2e
7WBi5e D Eb.HG R,t|4@|?} |i #4i?tL? Lu @ L_i*c ??@*t Lu 5|@|t|Utc
Sc eSeSe
76|e  e BAa D 7 BaaB,B EbHG R*|T*i L_i* Ait|?} uLh L?
it|i_ Oi|ihLt!i_@t|U i?tLhi_ +i}hittL? L_i*tc aLh?@* Lu ,UL?L4i|hUtc
2c .H
76|e  $e BAa $ c 76+| EbbG R*|T*i @?_ @hti L?it|i_ Ait|t
Lu |i W?iUi Lu A@ it L? L?i) #i4@?_c aLh?@* Lu TT*i_ ,UL?L4i|hUtcS c
.f
76|e - c Ebb2G RL?it|i_ Ait|t uLh L4Ti|?} L_i*t ,t|4@|i_ M)
Bi?ih@*3i_ i|L_ Lu L4i?|tc ,UL?L4i|hU@c Sfc b.bHf
EbbG RL?tt|i?| Ait|t uLh |i ,?UL4T@tt?} O)TL|ittc #LU4i?|
_i Ah@@* L befc W5,,c @ht
XANae Q EbbG RLL|t|h@T i|L_tG TT*U@|L?t ? ,UL?L4i|hUtc O@?_MLL!
Lu 5|@|t|Utc c S2bSS
XNA}e # Q EbHbG Rw!i*LL_ +@|L Ait|t uLh L_i* 5i*iU|L? @?_ L?it|i_
O)TL|ittc ,UL?L4i|hU@c D.E2c f.
b B , " j i e  EbS.G R5L4i Ait|t Lu 5iT@h@|i 6@4*it Lu O)TL|itit ? A4i
5ihit ?@*)ttc L4i|h!@c Dec bSH
bjj"te  EbbSG RAit|?} |i ?L4@* @?_ *|?L4@* LUi L_i*t Nt?}
L <t L?it|i_ Ait|c aLh?@* Lu |i 4ihU@? 5|@|t|U@* ttLU@|L? E@Tiht
@?_ hLUii_?}t
b|je Q EbH2G R+i}*@h|) L?_|L?t uLh L <t Ait| Lu L??it|i_ O)TL|i
ttc aLh?@* Lu ,UL?L4i|hUtc bc fH
e~j,,Ajie  Eb.G ? W?|hL_U|L? |L @)it@? W?uihi?Ui ? ,UL?L4i|hUta L  ?
`*i) @?_ 5L?tc i vLh!
D